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INTRODUCTION 


“Isotopos — An  Eight-Year  Summary  of  ITnited 
States  Distribution  and  Utilization”  is  a  resume 
of  isotope  utilization  during  the  first  81>  years 
of  the  United  States  Atomic  Energy  Commis¬ 
sion’s  distribution  juogram.  It  is  also  a  sup¬ 
plement  to  the  Three-Year  and  Five-Year 
reports  of  similar  title  issued  by  the  Commis¬ 
sion  in  1949  and  1951.  This  report  has  been 
prepared  to  provide  a  source  for  quick  reference 
to  the  many  uses  of  isotopos  and  a  bibliography 
on  published  work  with  them,  categorized  In¬ 
fields  of  use. 

At  the  cut-off  date  for  tlie  Five-Year  vSuni- 
mar}-  (June  110,  1951)  the  AEC  had  issued  13,103 
authorizations  (licenses)  to  i)rocure  isotopes; 
at  the  end  of  19-54.  a  total  of  37,155  autlioriza- 
tions  had  been  issued.  During  this  period  the 
number  of  United  States  firms  and  institutions 
using  radioisotopes  has  increased  from  G22  to 
2,416.  Much  of  the  increased  growth  lias  been 
in  industrial  utilization;  the  total  number  of 
industrial  firms  using  isotopes  increased  from 
134  to  1,020. 

The  number  of  publislied  papers  involving 
the  use  of  isotopes  increased  from  around  3,000 
to  more  than  10,000.  More  tlian  7,000  recent 
open-literature  references  on  work  with  radio¬ 
active  and  stable  isotopes  appear  in  AppendLx 
V.  Some  special  publications  of  interest  to 
isotope  usei-s  are  listed  in  Appendix  I. 

Before  the  advent  of  the  nuclear  reactor, 
various  radioisotopes  were  made  through  the 
use  of  cyclotrons  and  other  sources  of  higli-speed 
subatomic  particles.  They  could,  however,  be 
produced  only  in  minute  quantities,  at  consider¬ 
able  cost.  Although  their  importance  as  re¬ 
search  tools  was  immediately  recognized,  they 
were  available  to  only  a  few  investigators.  The 
discovery  of  nuclear  fission  clianged  the  situa¬ 
tion  dramatically.  The  nuclear  reactor,  in 
which  lYanium  235  is  fissioned  through  a  chain 
reaction  process,  is  a  source  of  radioisotopes  in 
quantities  millions  of  times  greater  than  avail¬ 
able  previously,  with  a  much  greati'r  variety  of 
radiations,  and  at  greatly  reduced  cost. 

Radioisotopes  of  all  the  ordinarily  stable 
elements  can  now  be  produced.  So  diversified 
and  extensive  have  been  the  methods  of  artifi¬ 


cially  transforming  atoms  that  is  it  now  possible 
to  make  many  more  radioactive  forms  of  atoms 
than  the  number  of  stable  ones  existing  in  na¬ 
ture.  Only  270-odd  stable  forms,  the  stable 
isotopes  of  81  of  tlie  elements,  are  known, 
whereas  more  than  900  radioactive  forms  of  100 
elements  have  already  been  identified,  most  of 
which  are  made  artificially. 

Radiosiotopes  are  produced  in  a  nuclear  re¬ 
actor  by  either  of  two  processes.  (1)  The  two 
parts  into  which  a  uranium  atom  splits,  during 
tlie  fission  process,  are  radioisotopes  of  elements 
from  atomic  numbers  30  to  64,  and  can  be  chem¬ 
ically  separated  from  the  remaining  uranium. 
(2)  The  neutrons,  which  are  emitted  when  ura¬ 
nium  fissions,  are  present  in  tremendous  num¬ 
bers  and  produce  radioisotopes  from  materials 
inserted  into  the  reactor. 

After  withdrawal  from  the  reactor,  the  radio¬ 
active  objects  or  materials  can  often  be  used 
directly  as  sources  of  radiation.  In  other  cases, 
radioisotopes  can  be  separated  chemically  from 
‘he  irradiated  material  in  concentrated  form. 

Early  in  1946,  the  Manhattan  Engineering 
District  established  an  Isotopes  Branch  at  Oak 
Ridge,  Tennessee,  to  institute  a  distribution 
program. 

The  first  announcement  of  radioisotopes 
available  under  the  distribution  program  was 
published  in  the  June  14,  1946  issue  of  Science. 
The  first  shipment,  a  small  unit  of  Carbon  14, 
was  made  to  the  Barnard  Free  Skin  and  Cancer 
Hospital  in  St.  Louis,  Mo.,  on  August  2,  1946. 

A  chronological  outline  of  the  development 
of  the  isotopes  distribution  program  is  given  in 
Appendix  11. 

Less  than  6  months  following  the  start  of  the 
distribution  program,  tin-  Atomic  Energy  Com¬ 
mission  took  ovc'r  th(‘  administration  of  the 
atomic  energy  project  from  the  Manhattan 
Engineering  District.  In  a  comparatively  short 
time  isotopes  <listribution  liccame  a  w«‘ll-estab- 
lishcd  and  growing  program. 

During  the  first  year  of  the  isotope  distribu¬ 
tion  program,  approximately  280  radioisotope 
shipments  were  made  from  Oak  Ridge  National 
Jjaboratory  to  83  institutions  which  used  them 
primarily  in  fundamental  ri'sianch  problems. 
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At  the  end  of  5  years,  approximately  19,300 
shipments  had  gone  to  over  000  institutions 
throughout  the  country,  many  of  whom  had 
begun  using  the  material  in  applied  research 
and  routine  applications.  More  than  2,700 
shipments  of  concentrated  stable  isotopes  had 
been  made.  In  addition  to  the  domestic  <listri- 
bution,  some  1,100  radioisotope  shipments  had 
gone  to  approximately  250  institutions  in  31 
countries  abroad. 

During  the  first  5  years.  Oak  Ridge  National 
Laboratory  made  all  but  a  v('iy  few  of  the 
ladioisotope  shipments.  Today,  ORNL  re¬ 
mains  the  primary  source  of  supply  but 
several  other  AEG  Laboratories  now  distribute 
radioisotopes.  In  addition  to  ORNL,  radio¬ 
isotopes  are  produced  at  Argonnc  National 
Laboratory,  Brookhaven  National  Laboratory, 
Mound  Ijaboratory,  the  National  Reactor 
Testing  Station  and  Hanford  Atomic  Products 
Operation. 

During  8K>  years  of  distribution,  more  than 
63,990  shipments  have  gone  from  ORNL  to 
over  2,400  institutions  throughout  the  country. 
United  States  users  have  received,  in  addition, 
more  than  3,280  shipments  of  concentrated 
stable  isotopes.  At  the  close  of  1954,  46 
countries  outside  the  United  States  had  re¬ 
ceived  3,173  shipments  of  radioisotopes  and  21 
of  concentrated  stable  isotopes  at  659  insti¬ 
tutions.  Distribution  of  stable  isotopes  abroad 
was  not  begun  until  July  1954. 

In  the  early  days  of  the  radioisotopes  program 
individual  shipments  averaged  about  30  milli- 


curies.  At  the  end  of  5  years  the  avc'rage 
shipment  was  approximately  130  me.  Today 
the  average  shipment  is  more  tlian  2,360  me. 

Tlie  sliarp  increase  in  quantity  per  shipment 
in  part  reflects  commerial  participation  in  the 
processing  and  re<listribution  of  radioisotopes. 

The  total  number  of  isotope  sliipments  re¬ 
ceived  by  ultimate  u.sers  is  several  tuiu's  greater 
than  the  quoted  mimlx'r  of  shipments  from 
ORNL.  Many  commercial  firms  purchase 
ra<lioisotopes  in  bulk  quantities  and  reprocess 
them  into  such  forms  as  labeled  comj)ounds, 
certified  ])harmaceuticals,  aiul  custom-manufac¬ 
tured  radiation  devices;  thus,  a  single  large  unit 
of  radioactivity  from  ORNL  may  represent 
hundreds  of  shipments  to  individual  licensed 
customers.  In  addition,  thousands  of  ship¬ 
ments  have  comprised  small  license-exemi)t 
quantities  of  radioisotopes.  Such  license-ex¬ 
empt  quantities  are  readily  exchanged  between 
institutions  and  are  not  included  in  the  total 
shipments  mentioned  above. 

More  detailed  data  on  growth  of  the  distri¬ 
bution  program  are  contained  in  Appemlix  III. 
Information  is  furnished  on  increa.sed  isotope 
shipments  and  curies  shipped  per  isotope  as 
well  as  per  field  of  study  in  which  the  materials 
have  been  used. 

Several  nuclear  reactors  are  now  operating 
and  many  more  will  eventually  be  built.  In 
reactors  tremendous  amounts  of  useful  radio¬ 
isotopes  arc  produced  as  byproducts.  These 
arc  truly  a  great  peacetime  byproduct — 
perhaps  most  important  of  the  atomic  age. 
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RADIOISOTOPES 


Radioisotopos  are  useful  as  sourees  of  ionizing 
radiations  and  as  tracer  atoms.  As  sourees  of 
radiation,  they  are  utilized  in  inueli  the  same 
way  as  radium  anil  X-rays;  as  traeei's,  most  of 
their  uses  are  unique.  The  fundamental  princi¬ 
ples  involved  may  he  reduced  to  three  major 
types  or  modes  of  use,  as  .shown  in  Figiiri'  1. 
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Effect  of  Radiation  on  Afateriafs. — In  the  firet 
mode,  the  radioisotope  is  used  simply  as  a  fixed 
source  of  radiation  much  as  radium  and  X-ray^ 
machines  are  used.  There  is  a  target  material 
which  is  to  be  affected  in  some  manner  by  the 
radiation.  Tliis  material  may  be  a  cancer 
patient  receiving  radiation  therapy,  a  plastic 
being  irradiated  to  change  its  properties,  or  a 
bag  of  potatoes  being  irradiated  to  prevent 
decay;  it  may  be  the  air  surrounding  a  static 
eliminator  or  a  phosphor  incorporating  a  radio¬ 
isotope  which  excites  it  to  luminescence.  The 
ability  of  radiation  to  alter  a  material  is  im¬ 
portant  in  many  ways. 

Effect  of  Materials  on  Radiation  . — In  the  second 
mode  of  use  (fig.  1),  the  effect  of  the  target  ma¬ 
terial  on  the  radiation  furnishes  information 
about  the  material.  Here  the  application  is 
based  on  measuring  the  railiation  which  pene¬ 
trates  or  is  reflected  from  the  material.  Tlie 
radiation-detection  device  may  be  a  counter  or 
a  photographic  emulsion,  depending  on  the  ap¬ 


plication  and  type  of  information  desired. 
This  is  tlie  mode  of  use  in  medical  radiography 
when  a  radioactive  source  replaces  X-ray  equip¬ 
ment.  In  industry  it  provides  an  idiail  setup 
for  testing  jiurjioses  and  is  the  basis  for  most 
radioi.sotope  applii*ations  in  jiroduct  control. 
Examples  of  such  ajiplications  include  measur¬ 
ing  tlie  thickness  of  a  moving  sheet  of  metal, 
railiographing  the  internal  structure  of  a  ])iece 
of  equipment  or  a  casting,  and  measuring  the 
liquid  level  in  a  closed  container. 

Tracing  Through  Their  Rad ioacti city. — 

In  the  thiril  modi'  of  use  (fig.  1),  the  radio¬ 
isotope  serves  as  a  tracer  to  follow  the  compli¬ 
cated  course  of  individual  batches  of  atoms  in 
physical  transfer  or  chemical  or  biological  re¬ 
actions.  To  date  this  is  the  most  important  use 
of  radioisotopes.  Radioisotopes  are  incorpo¬ 
rated  into  the  materials  of  interest,  rather  than 
used  as  fixed  .sources  of  radiation  physically 
removed  from  them.  The  radiosiotope  used  in 
a  tracer  serves  as  a  tag  or  label  which  ri'veals 
the  presence  and  identity  of  the  material 
whether  it  is  involved  in  a  physical  or  mechani¬ 
cal  transfer  or  in  a  chemical  or  biochemical  re¬ 
action.  The  material  labeled  and  traced  may 
be  water  running  through  a  pipe  to  an  under¬ 
ground  leak,  sugar  being  utilized  in  a  human 
being,  a  raw  product  for  milk  production  in  a 
cow’s  boily,  or  an  atom  transferring  from  one 
kind  of  molecule  to  another  in  a  chemical  re¬ 
action. 


Radiocompounds  * 

In  many  tracer  studies  isotopes  must  be  in¬ 
corporated  directly  into  sjiecial  complex  com¬ 
pounds.  For  e.xample,  carbon,  one  of  the  major 
elements  in  plant  and  animal  systems,  is  pri¬ 
marily  of  interest  as  part  of  a  complex  molecule 

•The prefix  ‘TatUo-*’,  rtenotlnp  ratUalion.  wjis  iiseii  by  Marie  Curie,  in 
181*8,  when  colnlns  “rswlioactivity”.  It  been  extendctl  to  “radlo- 
Lsotopc”  and  to  radioactive  elements  (radiogold)  and  substances  contain 
in.'?  them  (nidiocompound.s,  radiocolloid). 
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such  as  an  amino  acid  or  carbohytlrate.  Railio- 
carbon,  therefore,  is  often  useful  as  a  tracer  only 
if  it  is  first  incorporated  into  the  specific  com¬ 
pound  to  be  studied.  In  many  instances  it  is 
also  necessary  to  know  the  exact  locatiot»  of  the 
radioisotope  within  the  molecule,  that  is,  to 
know  which  of  the  atoms  within  the  molecule 
is  labeled.  The  radioisotope  will  serve  as  a 
true  tracer  for  a  compound  oidy  as  long  as  it 
remains  part  of  the  molecule.  On  the  other 
hand,  the  same  tracer  atom  can  often  be  used 
to  identify  a  secoitd  molecule  formed  from  the 
first  in  a  chemical  sequence. 

Isotope-labeled  compounds  may  be  prepared 
either  by  chemical  or  biological  synthesis.  To 
date  nearly  1 ,000  labeled  compounds  are  known 
to  have  been  synthesized.  Of  these  more  thatt 
500  have  been  synthesized  by  chemical  means, 
that  is,  by  procedures  similar  to  those  used  in 
preparing  the  nonradioactive  form  of  the  same 
compound.  ,Some  complex  labeled  compounds 
which  cannot  be  prepared  by  ordinary  chemical 
procedures  may  be  syntliesized  by  the  bio¬ 
chemical  processes  of  animals  and  plants. 
Radioisotopes  which  hav'c  been  injected  into  or 
fed  to  an  animal  may  subsequently  be  extracted 
from  the  blood,  urine,  or  tissues  as  part  of  com¬ 
plex  organic  compounds.  Isotope-labeled  com¬ 
pounds  may  similarly  be  extracted  from  plants. 

.Several  hundred  such  compounds  have  been 
prepared  by  biological  synthesis.  The  growth 
of  isotope  use,  especially  in  the  biological  fields, 
will  depend  to  an  increasing  extent  on  the  avail¬ 
ability  of  a  wide  variety  of  labeled  compounds. 

Deteaion  of  Radiation 

The  useful  radiations  from  radioisotopes  are 
mainly  of  four  types;  (1)  Alpha  particles,  iden¬ 
tical  with  the  nucleus  of  a  helium  atom,  are 
emitted  chiefly  by  isotopes  of  the  heavier  ele¬ 
ments.  They  produce  intense  ionization  but 
have  very  little  penetrating  power.  (2)  Beta 
particles,  identical  with  negative  electrons,  have 
less  ionizing  power  than  alpha  particles  but  are 
much  more  penetrating.  (3)  (lamma  rays  are 
highly  penetrating  electromagnetic  ra<liation 
and  do  most  of  their  ionizing  by  means  of  high¬ 
speed  electrons  thev  eject  from  atoms.  X-rays 
are  emitted  from  atoms  by  a  different  process 
but  are  otherwise  identical  with  gamma  rays  of 


the  sanu'  energy.  (4)  Positrons  are  similar  to 
beta  particles  and  have  similar  ionizing  power 
but  are  positively  charged.  They  are  encinin- 
tered  less  frequently  than  the  other  types  of 
radial  ioiv 

These  radiations  are  detecte<l  through  theii’ 
effects  on  matciial.  Radiation  which  j}as.ses 
through  a  material  disrupts  many  of  the  mole¬ 
cules,  j)roducing  positively  and  negatively 
charged  fragments  called  ions.  This  ionization 
is  revealed  by  either  the  ele(drical  effects  tu- 
recombination  efl'ects  of  the  ions. 

The  radiations  are  most  conunoidy  dett'cted 
ami  counted  with  sensitive  electronic  instru¬ 
ments  such  as  geiger  countei's  or  scintillation 
counters.  When  a  particle  of  radiation  entei's 
a  geiger  countei’.  it  ionizes  a  gas  and  thus  trig¬ 
gers  an  electrical  discdnirge.  The  resulting  tiny 
current  is  amplified  to  produce  a  signal  seen, 
heard,  or  mechanically  counted. 

In  a  scintillation  counter,  the  particle  pro¬ 
duces  a  minute  flash  of  light  in  a  liquid  or  crys¬ 
tal  as  the  disrupted  molecules  give  off  energy 
in  recombining.  A  light-sensitive  device  con¬ 
verts  the  flash  to  a  tiny  current  which  is  then 
amplified. 

Sensitivity  and  Specificity  of  Radoisotopes 

Radioisotopes  p(>rmit  materials  to  be  traced 
in  minute  quantities — a  millionth  to  a  hundred- 
millionth  of  the  amount  detectable  by  other 
means.  It  is  easy  to  detect  radiation  from  iso¬ 
topes  diluted  with  a  billion  or  10  billion 
times  as  much  nonradioactive  material.  Some 
isotopes  are  still  detectable  after  dilutions  of 
more  than  a  trillion. 

This  means  that  it  would  be  j)ossible  to 
dett'ct  one  hundred-millionth  of  an  ounce  of 
radioactive  material  dispersed,  foi-  example,  in 
a  1,000  pound  cow. 

Even  more  important  than  sensitivity  is  the 
specificity  of  radioactive  tracer  atoms.  They 
can  label  a  specific  batch  of  atoms  and  enable 
it  to  be  traced  through  a  series  of  chemical  or 
physical  processes.  Tin*  labeled  atoms  can  be 
traced  in  spite  of  multiple  reactions  with  nu¬ 
merous  other  atoms  or  molecides.  This  })ermits 
the  sorting  out  and  untanglii\g  of  complicated 
processes  which  can  be  followed  in  no  other 
way.  Tracer  atoms  are,  therefore,  unecjualed 
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for  Studying  complex  choinical  or  biological 
processes. 

The  sensitivity  of  radioisotope  detection,  tin* 
speciiicity  of  the  tracer  method,  and  the  uni<{ue 
radiation  characteristics  of  individual  radioac¬ 
tive  spe<‘ies,  permit  radioisotopes  to  be  used  as 
powerful  analytical  tools  in  at  least  three  major 
ways.  These  may  be  referred  to  as  “tracer 
analysis,”  “isotope  dilution  analysis,”  and  ‘ac¬ 
tivation  analysis.” 

Radioisotopes  as  Analytical  Tools 

Tracer  ana/y'ds  constitutes  perhaps  the  simplest 
type  of  tracer  application.  It  is  designed  to 
follow  the  fate  of  a  radioelement  or  radiomat (>- 
rial  from  one  stage  to  another  of  a  reaction  or 
a  process.  It  is  primarily  useful  in  determining 
the  distribution  of  a  specified  material  in  a  va¬ 
riety  of  end  products.  The  techniques  may  be 
either  qualitative  or  quantitative.  They  can 
give  information  as  to  “what,  when,  and  how” 
or  can  tell  “how  much.”  In  either  case,  the 
advantage  is  that  the  determinations  can  be 
made  at  a  eouceutration  far  below  those  per¬ 
mitted  by  other  methods.  The  analysis  fre- 
(juently  involves  chemical  separation  of  the 
material  at  a  chosen  stage  of  the  process. 
Measurement  is  then  made  of  the  radioactivity 
in  the  different  separated  fractions, 

Imtope  dilution  analysis  is  a  modification  of 
tracer  analysis.  It  is  particularly  suited  for 
determining  the  amount  of  a  substance  which 
is  present  in  a  process  or  system  at  a  concen¬ 
tration  too  low  to  be  measured  by  chemical  or 
other  methods  or  which  cannot  be  separated 
from  the  other  materials  for  separate  measure¬ 
ment.  The  technique  is  based  on  putting  into 
the  system  a  small,  known  amount  of  radioac¬ 
tive  (labeled)  substance  similar  to  the  unlabeled 
substance  to  be  measured. 

After  a  period  of  mixing,  the  ratio  between 
labeled  and  unlabeled  substance  is  the  same 
throughout  the  system  and  can  be  measured 
with  a  counter  in  a  sample  withdrawn  for  test 
purposes.  The  amount  originally  in  the  S3'stem 
can  then  be  computed  from  its  ratio  to  the 
known  amount  added. 


An  isotope  dilution  analysis  can  be  likened  to 
a  method  used  bv  .some  inv(\sligators  for  esti¬ 
mating  the  number  of  fish  of  a  certain  kind  in  a 
pond.  One  hundred  catfish,  for  example,  can 
be  releascil  into  the  pond  with  clipped  tails  as 
labels.  After  sufficient  time  for  thorough  mix¬ 
ing  of  the  fish,  a  sample  can  be  taken  with  a 
net.  If  100  catfish  are  removed,  10  of  which 
are  marked,  it  can  be  assumed  that  the  catfish 
have  been  diluted  to  a  ratio  of  10  to  90,  or  100 
labele<l  to  900  unlabeled.  Thus  there  were 
900  catfish  already  in  tiie  pond. 

Activation  analysis  can  be  used  to  identif\'  and 
measure  an  unknown  element  in  a  sample  or  to 
determine  the  con<‘entration  of  an  ehum'ut 
known  to  be  in  the  sample.  This  is  accomplish¬ 
ed  bv  e.x|x>.sing  the  .sample  to  neutrons,  as  in  a 
nuclear  reactor.  Some  of  the  atoms  of  each 
element  present  are  made  radioactive,  and 
those  with  suitable  radiation  characteristics  can 
be  identified.  The  technique  can  either  be  quali¬ 
tative  or  quantitative.  It  is  particular!}'  useful 
when  the  concentration  of  an  unknown  element 
is  too  low  to  be  identified  bj'  chemical  or  spec¬ 
troscopic  methods  or  where  standard  methods  of 
analj'sis  are  not  satisfactoiy  because  of  inter¬ 
fering  contaminants.  Examples  of  applications 
suited  to  activation  analvsis  include  the  de¬ 
termination  of  minor  elements  in  animal  tissue, 
garden  products,  and  minerals. 

STABLE  ISOTOPES 

.Stable  isotopes  arc  also  valuable  as  tracei-s. 
and  their  use  has  led  to  main'  important  scien¬ 
tific  discoveries.  Most  elements  have  one  or 
more  stable  isotopes,  which  exist  in  fixivl  pro¬ 
portions  in  the  element  as  found  in  nature. 
The  natural  proportions  mav  be  change'll  bv 
increasing  the  relative  abundance  of  one  of  the 
isotopes  in  a  sample  of  the  element.  .Such  a 
concentrated  stable  isotope  can  be.  followed  in 
a  svstem  b}'  taking  samples  and  observing  the 
changes  produced  in  the  relative  abundance  of 
the  isotope  as  normalh'  found  in  the  svstem. 
The  isotope’s  abundance  is  determined  with  a 
mass  spectrometer,  which  sorts  out  the  isotopes 
of  various  weights.  This  method  of  tracing 
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atoms  is  valual)li‘  aiul  has  found  cotisulorahh* 
use,  hut  it  is  not  as  vei'satile  or  as  sensitive  as 
the  use  of  radioai  live  tracers. 

Radioactive  and  stable  isotopes  hav«‘  proved 
especially  heiudieial  in  medical  aiul  hiolojiricral 


reseanh,  Jnedical  diafrnosis.  medical  tlnaapy. 
agricultural  studies,  clnunical  and  ph\sical  re¬ 
search,  and  industrial  applications.  'I'heir  use¬ 
fulness  in  each  of  th(>se  broad  fiehls  is  iliscussed 
in  the  following'  sections. 


Medical  and  Biological  Research 


No  otlior  Hi'Ul  has  honofitod  as  profouiully 
from  tlu'  loady  availability  of  radioisotopt's  as 
tho  life  sciences.  As  tracer  atoms  theses  new 
tools  are  so  unitpieK  suitable  to  solution  of 
problems  in  this  field  that  they  seem  almost  to 
have  been  created  for  the  purpose.  Body  proc¬ 
esses,  in  sickness  and  in  health,  an*  fundamen¬ 
tally  chemical  hut  are  carried  out  on  such  a  dy¬ 
namic,,  complex,  and  micros«‘opic  scale  that  tlu'y 
frequently  def\'  ordinary  clu'inical  procedures 
in  their  study.  Even  tin*  sensitive  techniques  of 
microchemist rv  are  often  too  crude  and  slow 
to  analyze  hioloj^ical  processes. 

Tracei’s  of  various  kinds  were  use<l  in  hio- 
lofjical  studies  before  tho  advent  of  radioiso¬ 
topes.  D^es  can  be  used  in  some  cases  to  fol¬ 
low  a  material  and  reveal  its  presence.  Peculiar 
groups  of  atoms  can  be  joined  to  molecvdes  of 
a  compound  to  identify  it  in  later  chemical  tests 
Such  tracers  can  follow  dynamic^  processes  but 
have  two  important  d<'fects;  (1)  they  are  differ¬ 
ent  from  the  material  they  trace  so  that  there  is 
no  assurance  they  follow  the  same  chemical 
pathways  and  (2)  where  the  traced  material  is 
greatly  diluted  during  a  process,  so  much  of 
“foreign”  tracer  must  be  used  that  it  affects  tho 
process  itself. 

The  reason  for  supremacy  of  radioactive 
tracers  is  thus  apparent.  They  coirespond  in 
size  and  kind  to  the  things  they  trace.  They 
are  not  foreign  or  chemicalh’  different.  Indeed, 
they  are  not  added  to  a  material — they  are  the 
material  or  a  true  part  of  it.  A  molecule  of 
vitamin  B-12  is  exactly  that  compound  whether 
it  has  its  cobalt  atom  in  u,  stable  or  in  a  radio¬ 
active  form,  and  the  body  treats  it  exactly  the 
same.  Radioisotopes,  therefore,  are  “natural” 
tracers  and,  as  far  as  biological  processes  are 
concerned,  are  no  different  from  other  atoms 
except  in  their  ability  to  send  out  signals  to 
identify  their  presence.  These  signals  are  the 
radiations  which  can  be  detected  by  instru¬ 
ments  as  previously  mentioned. 

Except  for  the  important  elements  o.xygcm 
and  nitrogen,  useful  radioactive  forms  are  now 
available  for  most  elements  which  enter  into 
biological  processes.  Sodium,  for  example,  is 


important  in  body  Iluids  anti  tissu(>s  and  is 
ca.sily  tracctl  by  means  of  its  radioist)toi)c. 
Sodium  24.  In  one  typt*  of  application,  illus¬ 
trated  in  Figure  2,  a  solution  of  commttn  salt, 
or  sotlium  chloridi*,  is  labchal  with  tliis  isotopt' 
and  injcctctl  intravenously.  Transfer  of  sotli¬ 
um  to  various  hotly  sites  is  then  iractHl  anti  mcas- 
urctl  by  mt'ans  of  the  Stxlium  24  gamma  rays. 

lADIOACTIVE  SODIUM  -  Ni24 

rOI  STUDYING  SODIUM  TUINOYEI  IN  IDDY 


(D 

N«a4ti 

JHJtCTtj 


SAMKfS  M  HtOa-fKiAT 
••OV  nVIDS  AND  lONC 

,  mAiimi  ro»  ««»<  onTinTy 


SHOWS' 

NATES  or  SODIUM  TNANSrEN  TNIU  HOOD  YEISEI  »AUS 

.  mct/to  tiiiui  rtuioi-iotti.  SAIT  rci  day 

1- fAST^TO  SWEAT  IN  TS  SECONDS 

2 - MEDIUM -TO  FLUID  OF  EYE -SIAIN- SPINAL  tOND 

t' SLOW- TO  NONES  AND  TEETN 

FlOl’RF.  2. 

The  speed  of  this  transfer  and  incorporation 
into  hotly  compounds  well  illustrates  the 
extremely  tlynamic  tpiality  of  life  processes. 
Only  a  few  seconds  aire  rc((uircd  for  the  blootl 
stream  to  carry  the  sodium  from  out'  arm, 
through  the  heart  and  lungs,  anti  into  the  other 
arm.  In  another  type  of  stutly,  the  conversion 
of  injectetl  ratliocarbon-labeletl  acetate  intt> 
labeletl  carbon  dioxitle  is  fountl  to  start  almo^! 
immediately.  The  ratlioactivity  in  the  exhalcti 
breath  reaches  a  peak  in  about  15  minutes. 

Often  it  is  necessary  to  trace  a  certain  kirnl 
of  molecule  or  part  of  a  molecule  rather  than 
particular  atoms.  To  meet  this  lU'cd,  a  grow¬ 
ing  assortment  of  hundreds  of  organic  molecules 
have  been  provided  with  radioactive  replace¬ 
ments  for  one  or  more  of  their  atoms.  These 
tracer  compounds,  purchased  from  commercial 
processors  or  synthesized  by  the  researcher 
himself,  include  such  materials  as  proteins, 
sugars,  amino  acids,  vitamins,  and  hormones. 
With  so  varied  an  array  of  research  tools  at  his 
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cummaiul  it  is  iu>t  suiprisiiij;  that  tlu-  biologist 
has  boon  able  to  tiinl  answers  to  many  perplex- 
in{j  problems  of  bis  s<-ienee.  For  many  of  tln'se 
problems,  ratlioisotojjes  provide  'be  first  key  to 
a  solution. 

If  the  human  Itody  wue  always  j)erfeetly 
healthy,  interest  in  its  mtrieaeies  would  he 
aeademie.  But,  heeause  things  <;o  wroiif;  with 
its  structure  •tnd  pro<es,ses,  it  Ix'comes  of  prime 
importan/-e  to  know  all  that  ean  la*  learmal 
alM>n  it.  The  body  is  an  exe(>e«linf:ly  hu.s\ 
eheimeal  laboratory.  It  is  eontinuously  proe- 
essing  raw  material  into  j)roduets  suitable  for 
use  in  buildinji  or  r('pairin‘r  its  ])arts,  or  foi‘ 
storage  tmtil  they  will  he  neeiled.  h'ood  mole¬ 
cules  are  broken  down  and  their  energy  is 
applied  to  musele  action  and  otlier  functions. 
To  ki'cp  the  processes  running  eflicii'iitly.  an 
intricate  control  systiun  of  checks  afid  balatua's 
must  stay  in  <'ood  workin*;  order.  This  regu¬ 
latory  function  is  performed  primarily  by  hor¬ 
mones  secn'ted  into  tin*  hlooil  stream  by  various 
jrland.s.  Some  hormones  increase  the  rate  of 
certain  processes  and  others  counteract  them 
if  they  overeontrol.  Still  other  subslanees 
destroy  certain  hormones  if  too  much  is  se¬ 
creted,  or  stimulate  certain  jrlands  to  over- 
protluoe  when  necessary.  -Not  only  rales  of 
reactions  but  also  such  thinjis  as  boily  tempera¬ 
tures,  fluid  pressures,  and  eluunical  co?icenlra- 
tions  must  la*  kept  witliin  very  narrow  limits. 

In  view  of  this  com|)le.\ity  aiul  tlie  many 
possible  chanjies  produced  by  disease  or  acci¬ 
dent,  the  need  for  intense  study  is  immediately 
apparent.  To  re<-oj:ni/e,  understand,  and  treat 
abnormal  conditions,  medical  men  need  to 
know  what  is  normal,  to  understand  details  of 
processes  in  the  healthy  Ijody.  Some  are  so 
complex  that  only  throuj;h  radioisotope  tiwers 
has  any  success  in  unraveling:  them  been 
achieved. 

The  cells  of  the  body  themselves  are  the 
“test  tubes’’  in  which  most  of  tin*  chemical 
processes  are  carried  out.  Tin*  work  of  recent 
years  has  made  this  fact  ch*ar  and  much  of  the 
research  is  now  bi*ing  done  at  the  cellular  level. 
Three  main  subjects  are  being  pursued  in  this 
work;  (1)  the  fate  of  normal  metabolites,  (2) 
the  action  of  drugs,  and  (2)  the  action  of  in¬ 
jurious  agents. 


FATE  OF  NORMAL  METABOLITES 

hsotope  tracer  leehni(|Ues  are  lu'ing  widelv 
(‘inployed  in  studies  of  the  normal  chemical 
activities,  or  metabolism,  of  the  l>od\  .  Melah- 
oliti'S,  those  suhstanees  whieh  art*  essential  to 
these  proet's.ses  or  are  prtalueetl  b\  iht'in.  are 
being  labeli*d  ainl  then  tract'tl  1>\  vaiitnis 
lechnitiin's. 

Calcium  Metabolism 

Of  the  92  natural  elenietils.  1.’)  or  20  are 
known  to  be  t*ssential  to  life  pi-<M't*ss<*s.  .Most 
of  thi*s(>  havt*  been  list'd  in  tracer  studies  ile- 
signt*tl  to  show  iheii*  noj'tnal  metabolism  in  the 
hotly.  For  f‘.\am))le.  rinliotract'r  stinlit*s  showt'd 
that  nearly  90  pt'rei'iit  of  injeettnl  ealeium  etni- 
eentratetl  in  iht*  bt>ni*s  of  yi>ung  animals;  in  tin* 
oltl  tin*  bone  uptaki*  was  about  4t)  pf*rcent. 
l)it*tarv  facttirs  havt*  bt'en  ftmntl  which  rf*iluce 
the  amount  tif  ealeium  available  It)  the  btttly 
This  aelion  may  possibly  be  of  value  in  treat¬ 
ing  eertain  tlist*ases.  Kven  mtut*  t'ffective  is 
Iht*  et>mpt>unil  ethylentaliaminelt'traacelic  acid, 
which  has  a  grt>af  iiHinily  for  tlio  calcium  ami 
tends  to  removt*  it  from  tin*  hotly. 

Protein  Metabolism 

A  large  part  of  the  wiuk  with  nit*tabolites  is 
motival(*il  by  the  hoj)e  of  caneer  etintrol.  if 
tlifferenees  ean  be  fountl  bt*lwet*n  the  net*tls  of 
eanet*i*  tells  anti  those  ttf  normal  tissue  it  may 
be  possible  to  retartl  t)r  ])revent  the  growth  of 
one  without  seriously  affecting  tin*  other. 

Protein  metabolism,  beeanst*  of  its  funtla- 
mental  role  in  lift*  processes,  is  receiving  the 
greatest  share  of  attention.  In  a  typical  stuily, 
the  essential  compound  glycine  was  labcletl 
with  Carbon  14  and  injccfcti  into  noriiuil  rats 
anti  rats  with  livt*r  tumors.  'Pht*  rats  wt*rt*  lht*n 
sacrific(*il  after  various  intervals  of  tinn*  so  that 
metabolism  was  stopped  at  various  stagi*s  of 
completion.  The  tumoi-s  and  normal  liver 
tissue  in  t*ach  east*  W(*re  then  brokt*n  ilow  n  chem¬ 
ically  anti  the  many  intermetliate  eompttuntls. 
the  amino  acitls  which  leatl  to  the  t*vt*ntual 
builtling  of  hotly  prott'in,  wt*rt*  separatetl.  'Pin* 
ratlioactivity  of  each  fraction  was  mt*asurt*tl; 
any  activity  tlemonstratetl  that  the  jiarticiilar 
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fraction  contained  parts  of  the  original  {ilycine 
molecules.  From  the  way  in  which  the  C  14 
activities  varied  frtun  one  stagre  of  completion  to 
another  the  experimentei’s  could  draw  up  a 
“flow  scheme”  of  frlycine  metaholism.  As  in 
almost  all  such  metabolism  studies,  the  same 
general  scheme  was  found  in  both  normal  and 
cancer  tissue  although  significant  differences 
occurred  in  the  relative  importance  of  some  of 
the  steps. 

Nucleic  Acid  Metabolism 

Nucleic  acid-protein  combinations,  the  nu- 
cleoprotein  molecules,  are  the  essential  material 
of  cell  mn-lei,  including  the  chromosomes.  Nu¬ 
cleic  acids,  therefore,  are  fundamental  to  the 
life  of  the  cell  and  to  heredity,  and  the  stei)-l)y- 
step  processes  in  their  pro»luction  have  received 
as  much  attention  as  those  in  the  ca.so  of  pro¬ 
tein.  In  general,  the  same  types  of  tra<-er 
techniques  are  applied  to  the  two;  tliese  will  be 
discussed  further  in  relation  to  anti-metabolite 
drug  action. 

Citric  Acid  Cycle 

Tracer  techniiiues  have  also  been  used  in 
studies  of  the  citric,  acid  cycle.  This  cj'cle,  a 
normal  part  of  cell  chemistry,  was  formerly 
thought  to  be  missing  in  malignant  cells.  How¬ 
ever,  since  C-14-labeled  carbon  dioxide  was 
found  to  be  given  off  and  citric  acid  to  be  pro¬ 
duced  b}^  such  cells  when  fed  C-I4-Iabeled  car¬ 
bohydrates  and  fatty  acids,  it  was  pix)ve<l  to 
occur  in  them  also. 

Hormone  Metabolism 

Radioactive  tagging  of  various  liormones 
which  are  known  to  play  an  important  role  in 
the  body  has  contributed  greatly  to  tlieir  under¬ 
standing.  Since  a  small  injected  quantity  mixes 
with  the  same  substance  produced  by  the  glands, 
it  is  possible  to  find  how  the  body  treats  its  own 
regulators.  In  the  system  of  checks  and  bal¬ 
ances,  mentioned  earlier,  the  hormones  stimu¬ 
late  various  chemical  processes  but,  at  least  in 
some  cases,  are  continually  being  destroyed  by 
enzymes  which  control  their  amount.  Enzymes 


may,  in  turn,  be  coni  rolled  in  I  heir  action  by 
other  interfering  .sulistaiicc.s. 

'Flic  mechani.sm  In  which  the  bo<ly  controls 
the  insulin  hormone  is  being  studit'il  with  Iodine 
Idl-labeled  insulin.  An  enzyme-like  system  in 
the  boily,  called  insulinase,  breaks  down  tin* 
insulin  molecule.  By  injecting  labehsl  insulin 
into  mice  ami  then  measuring  the  radioactivity 
of  the  breakdown  jiroducts  in  their  livius,  it  was 
fouml  that  1  percent  of  the  insulin  is  destroyed 
every  2  minutes  during  at  least  ht*  first  2  horn's. 
'Phis  «l«‘struction  must  evi(h*ntly  be  taken  into 
account  in  any  con.sid<‘ration  of  diabetes 
control. 

Further  study  has  sliowii  that  the  liver  con¬ 
tains  an  insulinase  inhibitor,  an  enzyme  antag¬ 
onist,  which  reducc's  the  destruction  by  about 
78  percettt  when  injected  a  half-hour  before  the 
insulin.  Thus,  it  seems  that  a  balance  is  nor¬ 
mally  maintained  between  the  production  of 
insulin  ami  its  controlled  destruction.  If  pro- 
iluction  is  low  or  tlestniction  too  rapid,  the  sup¬ 
ply  of  insulin  drops  and  a  diabetic  condition 
develops.  The  insulinase  inhibitor  tends  to 
maintain  the  supply,  but  whether  this  substance 
will  be  effective  as  a  treatment  in  diabi'tf's  must 
be  determined  by  clinical  trials. 

Insulin  is  necessary  iti  the  metabolism  of  glu¬ 
cose,  the  form  in  which  most  food  is  absorbed 
into  the  blood  stream  after  digestioti.  Without 
it  the  final  step  of  converting  sugar  to  energy  or 
stored  fat  does  not  take  place.  The  exact  site  of 
the  insidin  action  has  not  been  determined  but 
recent  studies  witli  radiocarbon  suggest  that  the 
hormone  helps  to  transfer  glucose  through  the 
cell  walls  and  into  the  cell  where  it  is  actually 
used. 

Information  is  gained  in  this  particular  line  of 
re.search  both  by  lalx'ling  insulin  and  by  labeling 
substances  it  acts  upon.  Radioisotopes  pro¬ 
vide  a  two-way  tool  in  this  respect  and  permit 
very  effective  dual  attacks  on  many  similar 
problems  in  cause  and  effect. 

A  rapid  method  for  measuring  pepsin  activit}’^ 
in  the  iligestive  system  woidd  be  of  benefit  to 
clinical  studies  of  this  enzyme  in  pernicious 
anemia  and  cases  of  gastric  ulcer.  The  break¬ 
down  of  serum  albumin  by  pepsin,  during 
iligestion,  produces  certain  products  wliich  can 
be  chemically  separated  after  excretion.  After 
an  oral  tracer  do.se  of  ( '-14-labcled  serum,  the 
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amount  of  these  breakdown  ])ioduets,  anti  thus 
the  pepsin  activity,  can  he  determined  by  count¬ 
ing  their  t’-14  radiation.  This  metliod  in  being 
dt'vt'loped  and  may  prove  of  diagnostic  value. 

Iron  Metabolism  and  Red  Cell  Life 

A  large  and  important  number  of  man’s  dis¬ 
eases  are  those  which  affect  that  most  important 
tissue,  the  blood.  Among  these  may  be  men- 
tionc'd  anemia  and  the  cancer-likt'  conditions 
leukemia  and  polycythemia  vera.  The  advent 
of  radioactive  iron  has  provide<l  an  entirely  new 
and  powerful  means  of  studying  the  production 
and  makeup  of  blood,  both  in  health  and  dis¬ 
ease,  beca\ise  of  tiie  essential  role  of  iron  in  the 
blood  constituent,  liemoglobin.  About  65  per¬ 
cent  of  the  body’s  iron  is  in  the  liemoglobin  of 
the  red  blood  cells,  25  percent  is  stored  in  special 
cells  of  the  liver,  spleen,  and  bone  marrow,  and 
10  percent  is  an  essential  part  of  other  tissues. 
Thus,  nearly  all  of  an  administered  dose  of 
radioiron  will  appear  in  the  blood  and  blood- 
forming  oi'gans  and  can  be  traced  over  c.vtcnded 
periods  by  means  of  gamma  rays  it  emits. 

Two  types  of  measurements  are  used.  Blood 
or  marrow  samples  can  be  taken  for  detailed 
analysis,  or  the  activity  at  a  particular  site  can 
simply  be  found  with  an  external  counter.  The 
first  method  is  usuallj"  used  for  measuring 
plasma  clearance  rate,  the  rate  at  which  iron 
carried  by  the  blood  plasma  from  the  digestive 
tract  is  used  up  in  red  cell  formation  or  is  stored 
for  future  use.  The  second  method  gives  infor¬ 
mation  on  the  rate  of  uptake  in  a  particular 
organ  or  tissue. 

The  iron  isotope  Fe  -5‘J  w  as  use<l  in  this  way, 
for  example,  in  a  study  of  red-cell  pro<luction 
in  persons  sulfering  from  polycythemia  vera.  a 
disease  characterized  by  over-production  of  red 
blood  cells.  About  a  tenfold  inciease  in  the 
use  of  iron  w  as  found  in  such  cases,  considerably 
larger  than  could  be  accounted  for  by  the 
increased  cell  count.  In  further  study,  with 
C’-14-labeled  glycine,  the  change  of  activity  in 
the  hemoglobin  over  a  period  of  time  indicatccl 
that  short-lived  cells  were  being  formetl  in 
addition  to  the  normal  ones  of  120-<lay  life. 
The  rapid  turnover  of  these  cells  seemed  to 
iTHiuire  the  large  amount  of  iron  which  had 
been  a  puzzling  factor  in  this  disease. 


.Shortened  red-cell  life  was  also  found  to  lx* 
the  cause  of  the  aru'tnia  which  so  often  occni’s 
in  cancer  cast's.  .Such  anemia  liad  nsnally  been 
attributed  to  reduct'd  prtxluctittn  cuusetl  by 
siipprt'ssion  or  replact'mt'iit  of  retl-cell-forming 
bone  narrow  by  tin*  malignant  grt)wth.  Ilow- 
t'ver.  ratlit)iron  tracing  .showetl  that  ri'tl  ct*ll 
prtxluction  was  actually  incrt'ast'tl  in  tht*  major¬ 
ity  of  cases,  anti  that  tht*  net  loss  was  tine  to 
mt)re  rapitl  tleath  of  tin*  cells. 

Bone  marrow  is  the  |)rimary  site  of  retl  blootl 
cell  protinction.  ’Pracer  studies  with  ratlioiron 
show,  however,  that  in  some  polycythi'inia 
j)atients  the  spleen  proiluces  an  t'xcess  t)f  the 
rt'd  cells.  By  means  of  a  counter  directly  over 
the  splt'cn,  as  imlicatetl  in  Figure  5,  the  accumu- 
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lation  of  iron  by  the  noimal  spleen  is  found  to 
rise  to  a  modest  volume  soon  after  atlministra- 
tion  and  then  to  decrease  slowly  as  tin*  iron  is 
metabolizcfl.  ’Phe  uptake  in  polycythemia,  on 
the  other  hand,  is  seen  to  be  abnormally  high 
anti  rapitl  because  of  the  grt*ater  use  of  iron  in 
red  cell  production. 

The  case  of  severe  refractory  anemia  is  seen 
in  Figure  3  to  be  rpiite  different  in  its  prolotigcd 
uptake  anti  high  retention  of  iron.  ’Phis  refh'cts 
the  tlestj-uction  of  retl  blootl  cells  by  the  spleen, 
with  retention  of  the  breaktlown  protlucts. 
Information  of  this  kind  can  be  (|uile  useful 
inasmuch  as  removal  might  be  intlicatcd  for  a 
spleen  which  destroys  retl  cells  e.xcessively  but 
not  for  one  operating  as  chief  supply  of  the  cells. 

Retl  blood  cells  are  continually  being  pro- 
tluced  anti  tlestrovetl  anti  knowh'tlgc  of  tht'ir 
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survival  timo  is  fre(]uoutly  of  jjroat  importauci'. 
Both  radioirou  aiul  railiochroniium  tajj‘iiu<r  of 
cells  persist  throujrhoiit  the  cell  lilVtinie,  so  that 
the  rate  at  which  redioactivity  in  tlu'  cells 
decreases  with  time  measures  the  rate  of  cell 
destruction.  For  example,  the  technique  of 
blood  transfusion  has  been  tremendously 
improved  by  development  of  better  storajie 
methods  and  ways  to  ])repare,  ship,  and  admin¬ 
ister  whole  blood  and  blood  fractions.  At  the 
same  time,  synthetic  blood  expanders  have 
been  developed  for  cmerpmcy  replacement  of 
blood  plasma.  Throuiihout  this  work,  ert'e<-tive- 
ness  as  to  preserving  the  usefulness  of  the  blood 
for  the  receiving  patient  has  been  evaluated  by 
the  survival  time  of  isotope-labeled  blood  cells. 

While  a  donor’s  red  blood  cells  survive  and 
perform  normally  in  the  recipient’s  system,  tlie 
white  cells  still  present  a  grave  problem. 
Even  when  transferred  directly  from  the  veins 
of  the  one  to  the  other,  the  white  cells,  as  is 
determined  by  Phosphorus  32  labeling,  are 
rapidly  trapped  in  the  lungs.  Indeed,  if  a 
large  number  are  transfused,  they  begin  to 
interfere  with  lung  function,  'rhereafter  they 
are  transferred  to  tlie  liver  hut  in  a  fragmented 
condition.  The  transfused  white  ci'lls  are 
thus  unable  to  perform  their  normal  work  of 
resisting  disease.  This  is  particularly  unfor¬ 
tunate  where  the  recipient’s  own  white  cell 
proiluction  has  been  curtailed,  and  it  is  hoped 
that  techniques  may  soon  be  developed  to 
permit  survival  of  the  cells. 

The  ability  of  radioisotopes  (o  trace  fluid 
flow  within  the  body  has  been  valuable  in 
studies  of  brain  circulation.  The  rate  of 
uptake  of  a  tracer  by  the  brain  is  a  function  of 
the  blood  flow  rate  and.  with  the  use  of  a 
gamma-emitter,  can  be  determined  with  an 
external  counter.  Various  radioisotopes  and 
labeled  compounds  have  been  used  in  this  way 
in  determining  brain  circulation  in  senile  psy¬ 
choses,  cerebral  palsy,  and  epilepsy.  Similar 
studies  are  leading  to  better  understanding  of 
coma,  sleep,  anesthesia  and,  most  recently,  of 
pilot  blackout  during  supersonic  flight. 

Cholesterol  Metabolism 

A  very  important  part  of  the  contribution  by 
radioisotopes  to  medical  research  is  being  made 


in  studies  of  cholesterol  and  its  rob*  in  arter¬ 
iosclerosis.  'I'his  disease  has  been  said  to  cause 
more  deaths  than  any  other  and  to  be  the  most 
important  problem  in  preventive  medicine. 
The  loss  of  elasticity  and  the  thi<kening  of 
arteries  and  cajiillaries  which  characti'rize  this 
condition  are  caused  in  part,  at  least,  by  the 
deposition  of  cholesterol  in  fatty  accumulations 
on  their  inner  surfaces.  This  substance,  some¬ 
times  waxy  and  at  other  times  strikingly 
crystalline,  occurs  in  every  <adl  of  the  body  and 
seems  to  serve  as  raw  material  for  some  of  the 
hormones,  bile  acids  and  other  ('ssimtial  com¬ 
pounds. 

The  many  tracer  studies  of  cholesterol 
metabolism  are  adding  bit  by  bit  to  our  knowl¬ 
edge  of  this  puzzling  substance.  (^-14-labeled 
acetate  fed  to  rats  soon  results  in  the  appear¬ 
ance  of  C-14-cliolesterol  in  many  tissues  of  the 
body,  mostly  in  the  blood  and  liver.  Rates  of 
rise  and  fall  in  C'-14  activity  at  the  various 
sites  give  clues  to  its  production  and  travels. 
The  rise  in  activity  in  blood  is  found  to  be  later 
than  in  liver;  this  and  other  considerations 
show  that  liver  is  the  site  of  blood  cholesterol 
production.  Rats  given  a  heavy  dose  of  X-rays, 
before  an  injection  of  C’-14-acetate,  are  shown 
by  the  tracer  to  produce  cholesterol  in  the  liver 
at  three  times  the  normal  rate,  a  result  in 
accord  with  other  cases  of  liver  damage. 

Tracer  techniques  in  such  studies  are  an 
adjunct  to  the  chemical  procedures,  of  course, 
rather  than  a  replacement.  But  as  such  they 
give  valuable  information  as  to  origin  of  sub¬ 
stances  wiiereas  chemical  tests  merely  demon¬ 
strate  their  presence.  The  very  high  level  of 
cliolesterol  in  the  blood  of  a  certain  patient 
with  almost  complete  loss  of  thyroid  function, 
for  example,  was  naturally  thought  to  be  due 
to  an  abnormally  high  production  rate.  No 
activity  could  be  found  in  the  blood,  however, 
after  a  tracer  dose  of  C-14-acetate,  siiowing 
that  cholesterol  was  in  fact  not  even  being 
produced  to  a  measurable  extent.  The  high 
level  was  thus  shown  to  be  caused  by  a  defect 
in  cholesterol  breakdown  and  disposal. 

Another  study  with  C-14-acetate  demon¬ 
strated  that  in  the  case  of  cholesterol,  as  w'ith 
many  other  metabolites,  tlie  body  does  not 
bother  to  produce  a  substance  if  it  is  supplied 
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in  the  diet  or  otherwise  introduee<l.  Dogs  fed 
a  liigh-<-holesterol  diet  sliowed  praetieally  no 
liver-produeed  eliolesterol  in  the  blood. 

If  eliolesterol  in  the  diet  is  labeled  it  ean  be 
traced  unchanged  into  the,  blood.  There  a 
portion  remains  free  in  the  plasma  wliile  others 
are  ineorporated  into  reil  blood  cells  or  are 
chemically  changed  in  the  plasma.  When 
tritium-labeled  cholesterol  was  fed  to  normal 
persons  and  to  patients  with  arteriosclerosis, 
the  tritium  activity  in  the  blood  fractions  was 
found  to  be  quite  different  in  the  two  cases. 
As  shown  in  Figure  4,  the  concentration  of 
activity  in  the  free  cholesterol  was  normally 
higher  than  in  other  fractions  making  up  the 
total.  In  arteriosclerosis  it  was  lower.  The 
hope  is  that  this  type  of  test  may  lead  to  the 
early  diagnosis  of  the  disease. 

'^USINO 
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ACTION  OF  DRUGS 

Tracer  techniques  are  also  being  used  in 
determining  the  fate  and  action  of  materials 
not  considered  to  be  normal  metabolites. 
These  include  the  vast  array  of  medications  in 
common  or  occasional  use,  the  long  list  of 
compounds  being  tested  for  possible  effective¬ 
ness  in  various  diseases,  particularly  irt  cancer 
studies,  and  substances  accidentally  introduced 
into  the  body. 

Anticancer  Agents 

The  intense  interest  in  protein  and  nucleic 
acid  metabolism,  as  mentioned  before,  stems 


in  part  from  the  possibility  of  e.vjdoiting  differ- 
^  tees  between  cancer  aiul  normal  cells.  If 
withholding  a  substance  were  found  to  be  more 
harmful  to  the  “well-being”  of  malignant  tissue 
than  of  normal  tissue,  the  former  could  possibly 
l>e  starved.  Or  if  tlie  blocking  of  a  step  in 
the  metabolic  process  were  especially  harmful 
to  the  cancer  cells,  a  similar  result  sliould  be 
obtained.  A  third  possibility  is  seen  in  ease  a 
particular  material  is  usetl  to  a  greater  e.vtent 
by  cancer  cells;  supplying  the  material  in  radio¬ 
active  form  would  cause  the  cells  to  be  irradiated 
from  within  and  might  lead  to  their  destruction. 

Of  these  three  possibilities,  the  fii-st  has  not 
yet  been  realized  and  the  third,  despite  many 
trials  with  different  radioisotopes  and  radio- 
compounds,  has  proved  to  V)e  effective  only  in 
the  ease  of  Iodine  131  in  some  thyroid  cancer. 
The  remaining  possibility,  drug  therapy  or  the 
chemotherapeutic  approach,  has  received  a 
great  amount  of  attention  in  recent  years. 
While  most  of  the  work  lias  been  done  with 
e.xperimental  animals,  it  has  been  possible  to 
extend  the  experiments  to  clinical  trials  with 
certain  drugs. 

The  building  process  is  considerably  faster 
in  malignant  than  in  normal  cells  and  so  an 
impairment  of  nucleic  acid  synthesis  can  result 
in  greater  harm  to  cancer  and  to  leukemic 
blood  cells  than  to  healthy  tissue.  Many  of 
the  chemical  reactions  in  metabolism  are  made 
to  proceed  by  enzymes.  Hope,  therefore,  lies 
in  the  fact  that  a  step  from  one  intermediate 
product  to  another  can  be  blocked  by  inter¬ 
fering  with  the  particular  enzyme.  The  drug 
amethopterin  has  received  most  attention  in 
this  respect  because  of  its  anti-enzymatic  action 
and  its  resulting  therapeutic  effect  in  certain 
leukemias.  This  type  of  action  is  indicated  in 
Figure  5.  The  drug  seems  to  block  the  con¬ 
version  of  folic  acid  to  an  enzyme  which  is 
essential  in  the  step  from  certain  intermediate 
building  blocks  to  forerunnere  (precursors)  of 
nucleic  acid. 

A  basis  is  thus  established  for  chemotherapy 
of  cancer.  Radioisotope-labeled  metabolites 
have  been  widely  used  in  determining  metabolic 
effects  in  extended  trials  of  other  possible  anti- 
i-ancer  drugs.  It  has  been  found  that  simul¬ 
taneous  use  of  two  drugs  can  be  partic'ularly 
effective  if  they  block  enzymes  at  different 
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points  in  the  same  metabolic  pathway,  as 
indicated  in  the  figure.  Concurrent  use  of 
two  or  more  drugs  can  also  overcome  a  drug 
resistance,  acquired  against  any  one  of  them, 
by  blocking  other  necessary  pathways. 

It  has  been  found  that  separated  white 
blood  cells,  the  leukocytes,  can  be  used  outside 
the  body  as  an  experimental  medium  in  tracer 
studies  of  protein  and  nucleic  acid  metabolism. 
DiflFerences  in  metabolism  occur,  depending  on 
the  origin  of  the  cells,  and  amethopterin  is 
found  to  have  its  usual  inhibitory  effect.  A 
study  is  being  made  in  which  this  and  other 
drugs  used  clinically,  especially  in  leukemia, 
will  be  tested  on  the  leukocytes.  If  it  should 
develop  that  a  leukemic  person’s  white  cells 
in  a  test  tube  react  metabolically  to  drugs  in 
the  same  way  and  to  the  same  extent  as  the 
person  himself,  a  clinical  method  may  evolve 
for  selecting  the  best  drug  for  treating  a  given 
patient. 

The  search  for  effective  anti-cancer  agents 
is  made  more  difficult  by  the  diversity  among 
cancers  themselves.  Differences  between  types 
are  frequently  more  pronounced  than  between 
some  of  them  and  normal  tissues.  Tracer 
methods  are  helping  to  bring  order  to  this 
complex  problem.  In  a  tv^iical  study,  mice 
bearing  different  types  of  malignancies  were 
injected  with  various  drugs  known  or  suspected 
to  have  an  effect  on  tumor  metabolism.  Labeled 
metabolites,  known  from  other  tracer  work  to  be 
involved  in  the  metabolic  chains  of  reactions 
leading  to  protein,  were  then  administered. 
The  distribution  of  radioactivity  later  found  in 
separated  metabolites  from  the  tumors  then 


showed  the  relative  blocking  effect  of  the  drugs 
on  the  different  reactions  and  best  drugs  for  the 
<lifferent  tumoi-s. 

Among  the  host  of  drugs,  other  than  anti¬ 
cancer  agents,  which  have  been  isotopically 
labeled  and  traced  in  action,  may  he  mentioned 
antibiotics  such  as  penicillin,  the  sulfa  drugs, 
alkaloids  such  as  digitalis  and  morphine,  sugar 
substitutes.  and  hypnotics  such  as  pentothal 
ami  the  harhil  urates. 

ACTION  OF  INJURIOUS  AGENTS 


Tracer  techniques  with  radiosotopes  permit 
detaih'd  study  of  the  (‘ffects  of  many  agents 
causing  actual  bodily  harm.  Harmful  sub- 
stanct's  or  organisms  can  be  labeled  and  then 
traced  in  experimental  animals  or  in  man 
himself.  In  addition,  tracer  methods  can  be 
applied  to  studies  of  the  processes  which  are 
interfered  with  in  the  body. 

Carcinogens 

Many  investigations  have  been  made  on 
stibstances  known  or  suspected  to  cause  cancer. 
Certain  organic  and  inorganic  compounds 
have  long  been  known  to  induce  cancer  forma¬ 
tion.  In  fact,  some  have  been  used  experi¬ 
mentally  to  produce  tumors  in  animal  studies 
and  to  study  cancer  genesis  and  metabolism  in 
general. 

An  outstanding  class  of  these  compounds  is 
composed  of  various  h3'diocarbons,  certain 
coal-tar  products  in  particular.  In  a  t.vpical 
tracer  study  of  these  compounds,  C-14-labeled 
dibenzanthracene  was  applied  to  the  skin  of  mice. 
After  a  short  time,  the  compound  or  one  of  its 
products,  as  identified  bv  its  radioactivitv,  was 
found  chemically  bound  to  protein  in  the  skin 
cells.  Other  hvdrocarhons  known  to  proiluce 
cancer  have  similarlv  been  found  to  unite  with 
cell  protein  in  various  ti.ssues  of  the  bod^’  and 
this  action  is  thus  thought  to  be  important 
to  their  effect. 

One  carcinogen  in  particular,  2-acet  ylamino- 
fluorene,  gives  rise  to  cancere  of  different 
cellular  tj'pes  and  in  a  variety  of  tissues  remote 
from  its  point  of  entrance  into  the  bodv.  The 
abilit}^  of  chemists  to  label  selected  parts  of  a 
molecule  is  being  applied  to  this  compound  so 
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that  each  part  in  turn  can  he  traced.  As  it 
is  broken  down  in  tlu'  laxly,  tin*  parts  are 
traced  to  determine  their  individual  distribu¬ 
tion.  It  is  hoped  that  a  <a>rrespondeiH-e 
between  the  pattern  of  cancer  distribution 
and  that  of  the  compound  or  one  of  its  products 
may  sliow  which  substance  is  the  actual  cause 
of  the  iirowths. 

Radiation  Damage 

Radiation  damage  is  a  comparatively  new 
hazard  to  man’s  well-being,  starting  with  his 
first  use  of  X-ravs  and  radioactivity  at  about 
the  turn  of  the  century.  A  gamma  or  X-ray 
or  a  high-speed  nuclear  particle  disrupts  the 
molecules  in  its  path.  Chemical  substances 
are  produced  which  destroy  the  normal  meta¬ 
bolic  processes  within  the  cells  and  may  lead 
to  their  death.  Studies  of  this  action  are 
important  not  only  in  devising  ways  to  combat 
or  forestall  radiation  damage  but  also  in  using 
and  controlling  it  in  medical  therap}-.  Prac¬ 
tically  all  the  tracer  studies  conducted  in  other 
lines  of  medical  research  have  been  repeated 
in  investigating  the  metabolic  changes  induced 
by  radiation. 

Some  of  the  molecular  fragments  produced 
by  radiation  prevent  normal  cell  processes  by 
oxidizing  and  thus  altering  the  components. 
Damage  is  greatly  reduced  by  the  addition  of 
substances,  such  as  cysteamine,  which  strongly 
compete  for  oxygen.  Administered  to  a  patient 
about  to  be  given  a  therapeutic  dose  of  X-rays, 
for  example,  such  medication  may  greatly 
reduce  the  general  damage  to  the  system  which 
might  otherwise  result. 

Other  Injurious  Agents 

The  tracer  technique  has  been  applied  in 
studies  of  a  great  many  other  damaging  agents. 
The  most  important  members  of  this  category 
are,  of  course,  the  germs  and  viruses.  These 
have  been  labeled  and  traced  within  the  body 
to  determine  their  distribution  in  relation  to 
the  onset  of  disease  processes.  Tracer  studies 
of  the  processes  they  alter,  the  other  side  of  the 
dual  approach  mentioned  before,  have  increased 
our  understanding  of  some  diseases  and  aided 
in  planning  for  their  control. 


Allergies  have  been  investigat('d  through  the 
use  of  radioisotopes.  In  the  case  of  ordijiary 
ragweed  polh'n,  for  example,  the  injurious  agent 
was  tagged  by  growing  the  jagweed  plant  in  an 
atmosphere  of  C-14-labeled  carbon  dioxi<le  so 
that  the  entire  plant,  including  the  pollen, 
became  radioactive.  DiH'erenees  <-ould  then  be 
traced  in  the  polhui’s  action  in  sensitive  and 
nonsensitive  patients. 

Tlu*  profound  changes  induced  by  toxicants 
and  poisons  have  be(>n  traced  in  metabolic 
stiulies  and,  where  the  agent  itself  is  labeled 
and  traced,  the  extreme  sensitivity  of  the  tech¬ 
nique  allows  positive  results  with  minute, 
unharmful  amounts  of  the  material. 

MISCELLANEOUS  STUDIES 

The  lines  of  research  which  have  been  indi¬ 
vidually  mentioned  are,  of  course,  only  a 
representative  few  of  the  vast  number  under 
way.  Practically  every  phase  of  human  physi¬ 
ology  and  pathology  has  derived  benefits  from 
the  radioisotope  techniques  in  research.  Brief 
mention  may  be  made  of  a  few  other  areas  of 
study. 

Since  most  of  the  body  consists  of  fluids  of 
various  sorts,  much  of  the  research  on  normal 
and  disturbed  body  functions  relates  to  fluid 
volumes,  flow,  and  transfer  through  cell  and 
tissue  walls  The  availability  of  radioactive 
tracers  is  particularly  fortunate  for  this  type  of 
study.  The  volume  of  a  fluid  can  be  found  by 
the  isotope  dilution  technique  as  previously 
described.  Flow  is  easily  measured  by  timing 
the  arrival  of  a  bit  of  tracer  material  at  different 
points  of  a  system,  and  drainage  from  tissues  by 
noting  a  decreasing  radioactivity  at  the  area  of 
interest. 

Most  of  the  body  chemistry  is  dependent  on 
membrane  permeability  to  certain  substances. 
For  example,  substances  unwanted  in  particular 
reactions,  as  in  a  cell,  are  refused  entrance  while 
others  can  enter  only  at  rates  best  suiting  the 
reaction  process.  The  ability  of  a  substance  to 
pass  through  a  membrane,  and  the  rate  of 
passage,  can  be  found  by  addiii  '  l  adioactive 
tracer  at  one  side  and  noting  uie  arrival  of 
activity  in  the  otherwise  e.xactl}*  similar  sub¬ 
stance  on  the  other  side.  Frequently  radio- 
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active  tracers  furnish  the  only  method  for  mak¬ 
ing  such  determinations. 

Figure  6  is  indicative  of  this  type  of  study, 
and  illustrates  the  nicety  to  which  potassium 
and  sodium  ions,  in  and  around  a  nerve  cell,  are 
normally  kept  at  their  respective  relative  con¬ 
centrations.  Recent  studies  show  that  these 
ions,  as  they  enter  and  leave,  produce  the 
minute  electrical  impulses  associated  with  the 
functioning  of  the  nervous  system.  The  quan¬ 
tities  involved  are  so  small,  a  few  billionths  of  a 
gram  of  ions  per  impulse,  that  only  the  radio¬ 
active  tracer  technique  could  have  determined 
them. 

KADIOACTIVI  TIACIRS 

rOI  STUDYING  KIHUIILITY  OF  CELL  MEMIIANES 
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MASUII  AAMUHT  Of  TAACCI 
IN  CIU  ANO  CCUWAA  HUH 

SHOWS: 

1- KAFIO  TAANSFH  OF  ATOMS  ACIIOSS  CELL  MEMHANE 

2- TIANSFER  THROUGH  MEMRRANE  IS  COMFUCATEO  EXCHANGE  FROCESS 

3 - RATE  OF  TRANSFER  DEFENDS  ON  ENZYMES  AND  CONDUCTION 

Figure  6. 

Radioactive  potassium  has  also  been  used  to 
demonstrate  that  the  potassium  ion  is  related 
to  muscle  function.  Muscle  cells  affected  by 
muscular  dystrophy,  for  example,  have  been 
found  unable  to  retain  the  normal  amount  of 
the  ions. 

In  tracer  studies  of  permeability  to  pure 
water,  only  the  oxygen  atom  or  one  or  both  of 
the  hydrogen  atoms  can  be  used  as  a  label  for  the 
H2O  molecule.  No  convenient  oxygen  isotope 
is  available  but  the  isotopes  of  hydrogen^ — stable 
deuterium  and  radioactive  tritium — have  been 
used  for  tliis  purpose.  A  study  has  been  made 
of  the  rate  at  which  water  normally  enters  the 
blood  stream  from  different  parts  of  the  diges¬ 
tive  system,  using  deuterium  as  a  tracer. 
Measurements  of  the  changing  deuterium  con¬ 
centration  in  the  blood  showeel  that  95  percent 
of  water  in  the  stomach  enters  the  blood  in  54 
minutes,  while  absorption  from  the  small  bowel 
amounts  to  95  percent  in  only  10  minutes. 
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Radioactive  tracing  has  frequently  lieen 
rankcil  with  the  microscope  in  importance  to 
liiology  and  medicine.  It  is  tJiereforc  to  be 
cxpecletl  that  the  two,  in  combination,  would 
provule  a  particidarly  powerful  researcli  tool. 
In  tissue  autoradiography,  illustrated  liy  Figure 
7,  the  ilistribution  of  a  railioactive  substance 


RADIOACTIVE  lODIHE  -  I  131 

FDR  AUTORADIOGRAFNIC  EXAMINATION  OF  THYROID  GLAND 


LfrUnOII  »  lAMOMMM 

SHOWS: 

] '  IODINE  TAKEN  UP  IV  FOLUCUI  Of  THVIMD  6UND 
2  - SMALL  FOUICLCS  CONCENTIATC  I  ISI  NONE  RAHOLV 
S-  SUATER  UPTAKE  IN  AaOCPMlUC  TNAN  lAtOPMLK  FOLLKLU 

Figure  7. 

among  the  cells,  and  even  among  the  parts  of  a 
single  cell,  can  be  seen.  In  a  typical  application 
of  this  technique,  a  photographic  emulsion  is 
placed  against  a  section  of  tissue  which  has 
been  sui^ically  removed  from  the  body,  after  a 
labeled  material  has  had  time  to  attain  its 
characteristic  distribution.  The  emulsion  be¬ 
comes  e.xposed  by  the  radiation  wherever  the 
radioisotope  occurs.  B3'  examining  with  a 
microscope  the  developed  emulsion  and  the 
cells  themselves,  or  b.v  comparison  of  enlarged 
photographs  of  the  two,  the  investigator  can 
relate  the  traced  material  to  particular  cell 
structures. 

Color  ma.v  perhaps  be  added  to  autoradi¬ 
ography  through  an  extension  of  this  technique 
under  development.  The  new  concept  involves 
the  differential  absorption  of  the  radiations 
from  different  isotopes  bv  color  film.  It  is 
hoped  that  this  will  allow  simultaneous  tracing 
of  two  or  more  tagged  substances.  Radiations 
of  different  types  and  energies  have  been  found 
to  penetrate  and  expose  the  layers  of  three- 
laAcr  color  film  to  different  extents,  and  thus 
to  produce  differently  colored  images.  Carbon 
14,  Calcium  45,  Sulfur  ,15,  Phosphorus  12,  and 


16 


ISOTOPKS — S  VKAK  SIMMAKV 


Iodine  131  were  found  to  ^iv'e  eharaeteristi<‘ 
eoloi-s  ranging  from  red-blue  through  yellow 
to  white. 

ANIMAL  AND  PLANT  STUDIES 
IN  MEDICINE 

Medical  I'eseareh  gains  much  benefit  from 
animal  and  plant  studies  and  in  many  ways  is 
direetl\'  dependent  upon  them.  Life  proeessi's 
are  quite  similar  wherever  found,  chiefly  be¬ 
cause  of  the  universal  occurrence  of  the  cell  as  a 
fundamental  building  block  which  can  grow  by 
division  into  othei-s  of  its  kind.  Radioactive 
tracers  have  found  widespread  use  in  these 
parallel  sciences,  and  many  of  the  results  ob¬ 
tained  have  been  of  profound  importance  to 
medicine. 

As  our  understanding  of  metabolic  processes 
continues  to  grow,  through  modern  research 
methods,  the  closeness  of  this  parallel  becomes 
even  more  apparent.  As  an  e.xample,  the 
present  need  to  synthesize  a  better  artificial 
rubber  molecule  has  renewed  the  interest  in 
Nature’s  successes  along  this  line.  From  tracer 
.stiidies  of  the  plant  chemistry  involved  in  the 
building  of  the  molecule  from  labeled  acetate, 
a  close  correspondence  has  been  found  between 
rubber  synthesis  in  plants  and  cholesterol 
synthesis  in  man. 

The  studies  of  concern  to  agriculture  and 
animal  husbandry  are  discussed  in  the  section 
on  agricultural  studies  below.  Of  chief  interest 


here  are  thos(>  investigations  involving  life,  at 
its  various  lower  levels,  which  have  medical 

The  ultimate  experimental  animal  is,  of 
course,  man  himself  and,  after  judicious  trials 
on  human  subjects,  a  great  portion  of  the 
research  has  left  the  laboratory  to  bt'come  a 
part  of  clinical  diagnosis  and  therapy, 
strains  of  rats  and  mice  provide  the  statistics 
where  mammalian  tissues  and  systems  are 
required,  and  cats,  dogs,  and  monkeys  where 
organs  and  general  physiology  even  closer  to 
the  human  are  of  interest.  Finally,  where  a 
system  comparable  in  sheer  size  to  man  himself 
is  needed,  burros  are  given  radiation  doses  or 
other  treatment  under  study, 
small  animals  or  microorganisms;  (.3)  genetically 
pure  strains,  unobtainable  in  man,  are  usually 
needed  to  avoid  unknown  heredity  factors;  and 
(4)  much  smaller  amounts  of  a  possibly  very 
expensive  tracer  preparation  need  be  used  in 
smaller  biological  systems. 

The  fundamental  processes  in  cell  metabolism 
occur  in  microorganisms  as  well  as  in  man,  and 
much  of  the  tracer  work  in  determining  the 
precursor-product  schemes  is  done,  for  example, 
with  bacterial  and  yeast  cultures.  Laboratory 
implications.  Man  is  not  expendable  and,  for  a 
number  of  reasons,  lower  animals  are  usually 
used  to  take  his  place,  at  least  in  the  early  stages 
of  an  experiment.  Four  of  the  reasons  may  be 
mentioned:  (1)  effects  may  be  harmful;  (2)  need 
for  statistical  accuracy  calls  for  repeated  trials, 
and  sometimes  generations,  in  tens  and  even 
thousands  of  cases,  thus  dictating  the  use  of 
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In  moflical  (liajriiosis,  us  in  rosoarcli,  rudio- 
isotopos  furnish  a  po\v<>iful  means  for  j;aining 
knowledge  of  bo<ly  proec'sses.  Hundreds  of 
liospitals  consider  tlnun  as  part  of  their  l•egular 
equipment.  Some  techniques  are  now  routine 
diagnostic  proec'dures.  On  tlu*  other  hand, 
much  of  the  diagnostic-  work  still  borders  on  the 
experimental.  The  widespread  application  of 
radioisotopes  to  medicine  is  only  a  few  years  old 
and  is  still  a  rich  field  for  development. 

The  many  diagnostic  uses  of  radioisotopes 
can  be  grouped  in  four  catc'gories:  (1)  dilution 
techniques,  (2)  flow  or  diffusion  measurements, 
(.3)  biochemical  concentration,  and  (4)  radi¬ 
ography. 

DILUTION  TECHNIQUES 

Blood  Volume 

Many  diagnostic  applications  are  based  on 
measurement  of  volume  or  amount  of  a  sub¬ 
stance  in  the  body  by  means  of  the  isotope 
dilution  technique.  It  frequently  becomes 
necessary  to  determine  a  patient’s  blood 
volume,  for  example,  before  surgery  or  adminis¬ 
tration  of  a  blood  additive.  Many  radio¬ 
isotopes  and  variations  of  techniques  have 
been  used  for  this  purpose.  In  a  typical 
application,  I-131-labeled  human  serum  albu¬ 
min  is  injected  into  the  blood  stream.  After 
sufficient  time  for  mixing  (10  to  15  minutes),  a 
sample  of  blood  is  withdrawn  and  measured  for 
radioactivity.  The  degree  to  which  the  label 
has  become  diluted  then  gives  a  measure  of  the 
blood  volume. 

The  niw.ss  or  amount  of  the  red  blood  cells 
themselves  is  determined  by  either  of  tw-o 
methods.  In  the  first,  where  radioiron  is 
employed  to  label  the  cells,  labeling  must  be 
done  within  and  by  the  body.  Since  the 
dilution  technique  requires  that  the  patient’s 
blood  be  kept  free  of  any  radioactivity  except 


that  in  the  tracer  material,  this  method  involves 
the  use  of  a  si'cond  person,  in  whom  the  labeling 
can  b(‘  <lone.  'Fhe  radioisotope  is  introdmu'd 
into  his  blood  stream,  and  after  a  sufficient  time 
for  the  iron  to  become  incorporati-d  into  the 
hemoglobin  of  the  cells,  a  volume  of  blood  is 
withdrawn.  Lab(>led  red  blood  cells  are  sepa¬ 
rated  from  i)lasma  and  injected  into  the  pati(>nt 
for  the  dilution  study. 

The  se<-ond  method  involves  labeling  <-ells 
with  radiochromium,  Cr-51.  Since  this  can 
be  <lone  outside  the  body,  a  donor  is  not  needed. 
The  radioisotope,  as  sodium  chromate,  is  mixed 
with  a  sample  of  tin*  patient’s  blood.  After 
about  an  hour,  the  red  cells  an*  separated  in  a 
centrifuge  and,  after  washing,  are  reinj(‘cted 
into  the  patient  for  the  dilution  study.  This 
method  is  comparatively  simple  and  is  coming 
into  routine  use. 

Simultaneous  measurements  of  blood  plasma 
volume  and  red  cell  mass  have  been  made  using 
Cr-ol  in  the  form  of  chromate  and  chromium 
cliloridc.  vSince  the  first  penetrates  cells  while 
the  second  becomes  fi.xed  in  plasma,  the  two 
measurements  can  be  kept  separate. 

It  is  interesting  to  note  that  United  Nations 
troops  were  tested  with  radioactive  tracers  for 
loss  of  blood,  before  transfusions  on  the  battle 
field  in  Korea,  and  that  many  of  them  doubt- 
le.ssly  owe  their  lives  to  the  increased  accura  -y 
of  these  newer  techniques. 

Water  Volume 

In  many  abnormal  conditions,  such  as  edema, 
it  becomes  important  to  know  the  volume  of 
total  body  water  and  of  water  in  intracellular 
and  extracellular  spaces.  Here,  again,  dilution 
techniques  provide  the  answer,  the  choice  of 
labeling  material  determining  the  type  of 
results  obtained.  Total  water  is  measured 
from  the  dilution  of  deuterium-  or  tritium- 
labeled  water.  The  mixing  of  a  tracer  amount 
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throujjhout  tho  hotly  and  in  tho  t  i'lls  is  cssfu- 
tially  (‘omplcto  in  about  an  hour,  and  a  dilution 
sainplo  ran  b(>  taktui  at  that  time.  Xo  con- 
voniont  mrtliotl  exists  for  nirasuring  vohinu' 
within  the  cells,  hut  this  can  he  fount!  as  the 
difft'renei'  ht'tween  total  body  wattu-  and  e.xlra- 
eellular  water.  'Phe  latter  is  measurotl  by 
means  of  a  tracer  which  ptuiet rates  blood  vt^ssel 
walls  but  cannot  enter  cells,  or  can  enter  only 
slowly.  Certain  substances  with  largt*  mole¬ 
cules,  such  as  inuiin  and  sucrose,  have  bt'en  ustal 
for  the  purpose  but  faster  mi.xiuf;  iti  the  e.xtra- 
eellular  fluid  is  obtained  with  radioactive 
tracers  such  as  Sodium  24  and  Bromine  82. 
These  slowly  enter  the  cells  and  so  only  a  short 
period  of  mi.xing  is  allowed  bt'fore  the  mtaisure- 
ment  is  made. 

FLOW  OR  DIFFUSION 
MEASUREMENTS 

Because  of  the  dynamic  qualities  of  bo<ly 
processes,  many  diairnoses  are  concerned  with 
flow  or  diffusion  of  substances.  Chanfres  in 
counting  rate  at  a  certain  place,  due  to  move¬ 
ments  and  changing  concentrations  of  a  radio¬ 
active  traeer,  provide  the  necessary  data. 

Cardiac  Output 

Knowledge  of  the  heart’s  output  is  invaluable 
in  diagnosis  of  many  heart  disorders.  As  with 
otluM-  pumps,  the  effieiency  of  the  heart  can  be 
judged  by  the  flow  it  induces,  measured  in  litei's 
per  minute  or  similar  units.  To  measure  this 
output,  a  small  amount  of  I-131-labeled  human 
serum  albumin  is  injected  into  an  arm  vein. 
Tlu  resulting  peak  of  aetivity  in  the  blood  is 
measured  after  it  is  pumped  through  the  heart 
and  then  passes  a  certain  point  in  an  artery. 
The  peak,  recorded  automatically  as  a  curve 
on  a  strip  chart,  is  somewhat  spread  out  by  this 
time  and  the  flow'  rate  is  caleidated  from  its 
area  and  duration. 

Peripheral  Vascular  Disorders 

Radioactive  tracers  have  long  been  used  to 
measure  the  blood  supply  to  extremities  and  to 
measure  the  rate  at  which  needed  substances 
are  passed  to  the  tissues.  If  a  saline  solution 


I  s<  )Top  K.s — s  -  V  n.x  K  .sr  .M  .\I AH  \ 

ialudcd  with  ladiosodium,  for  example,  is 
injcct(‘d  into  an  arm  vein  and  tin'  foot  is  placed 
against  a  counter,  tlic  rccordtal  activity  begins 
to  rise  as  sodium  rcaclu's  the  foot  and  pervades 
the  tissues.  In  a  nortnal  sul)j(>ct  the  activit\' 
rises  t'vcnly  and  begins  to  level  off  within  3t)  to 
40  minutes.  The  increase'  is  the  result  e)f  inti'r- 
change  of  labeled  sotlium  be'twccn  lelood  and 
extracellular  fluids.  K(|uilil)rium  is  established 
when  the  ntimber  of  sodium  atoms  h'aving  the 
blood  vessels  is  equal  to  the  number  returning 
to  the  circulation  from  fluids  of  the  foot.  In 
most  patients  with  a  pcriphcial  vascular  dis¬ 
order  the  ctpiilibrium  value  is  lowe'i-  and  is 
reached  more  gradually,  demonstrating  an 
impairment  in  this  supply  system. 

A  similar  techniepic  is  used  in  cases  w  here  the 
head  of  the  femur  has  broken  off.  This  ball  of 
the  ball-and-socket  joint  at  the  hip  is  attached 
to  the  thigh  bone  by  a  thi?i  neck  which  is  easily 
broken,  ('specially  in  ohh'r  pt'oplc.  If  a  break 
occurs,  the  surgc'on  must  decide  whether  to 
graft  the  ball  back  on  or  to  replace  it  w'ith  a 
pinned  metal  ball.  The  decision  frequently 
rests  on  the  question  of  an  adequate  blood 
suppfy  to  the  ball,  through  the  network  of  blood 
V(>ssels  still  attached.  After  a  tracer  dose  of 
Phosphorus  32  is  put  in  the  blood  stream,  a 
comparison  is  made  with  a  directional  counter 
of  the  activity  above  and  below  the  break. 

A  somewhat  different  technique  is  show'ii  in 
Figure  8,  wdiere  a  suspt'cted  constriction  of  blood 
vessels  is  found,  after  a  tracer  inj('ction,  by 
comparing  the  patterns  of  blood  flow'  simul- 
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taneously  in  the  two  lej>^5.  Tlie  nietliod  is  also 
valuable  for  measuring  the  improvement  in 
vascular  function  as  a  result  of  tlu'rapeutic 
procedures.  It  can  also  help  in  deciding  upon 
the  site  of  amputation  if  surgeiy  becomes 
necessary. 

The  ability  to  trace  blood  circulation  ami 
accumulation  at  particular  sites  has  been  valu¬ 
able  also  in  cases  of  hemorrhage,  burns,  ami 
listulae  between  organs  as  in  stab  wtninds.  A 
reveme  procedure  is  frequently  used  in  deter¬ 
mining  blood  circulation  at  a  particular  site  by 
the  rate  at  which  it  can  remove  an  injected 
substance.  Here  a  tracer  material  sucli  as 
Sodium  24  chloride  is  injected  into  the  tissues 
and  the  manner  in  which  the  activity  decreases, 
as  measured  with  a  counter  over  the  site,  gives 
a  measure  of  the  clearance  rate.  This  tech¬ 
nique  has  been  valuable  to  the  plastic  surgeon 
in  the  case  of  pedicle  grafts.  By  watching  the 
rate  at  which  the  tracer  leaves  the  grafted 
tissue,  he  can  tell  whether  circulation  has  been 
achieved,  rather  than  waiting  to  find  whether 
the  graft  “takes”  or  sloughs  off. 

BIOCHEMICAL  PLACEMENT 

Many  diagnostic  uses  of  radioisotopes  inv'olve 
selective  accumidation  of  a  tracer  dose  in  cer¬ 
tain  tissues,  where  it  can  be  found  with  a 
counter.  The  material  is  introduced  into  the 
body  either  orally  or  by  injection  and  then,  by 
ph3*siological  processes,  is  concentrated  more  at 
some  sites  than  at  others. 

Two  types  of  determinations  can  be  made 
this  method.  First,  particular  tissues,  such 
as  tumors,  can  be  located  if  the}^  are  known  to 
accumulate  a  certain  element  or  compound. 
Second,  the  condition  of  a  tissue  can  be  deter¬ 
mined  from  the  rate  at  which  the  accumulation 
occurs. 

More  of  the  material  may  appear  at  one  place 
than  at  others  merely  because  a  certain  tissue 
absorbs  it  faster  than  others.  This  type  of 
accumulation  can  only  be  used,  therefore,  until 
the  other  tissues  “catch  up”  and  the  distribu¬ 
tion  becomes  general.  On  the  other  hand,  a 
certain  tissue  maj"  have  a  special  affinitj"  for  a 
material.  In  other  instances,  it  maj'  first  be 
distributed  fairly  uniformly  throughout  the 


body  but  then  be  released  at  a  shnver  rate  by  a 
certain  tissue  than  bv  othei-s. 

The  time  at  which  the  selective  or  differential 
concentration  of  a  tracer  is  most  useful  mav  l)e 
a  few  minutes  or  even  hoin-s  or  days  aft(“r  the 
tracer  is  introduced.  The  degree  of  concen¬ 
tration  also  varies  in  different  cases,  being 
highly  selective  in  some  and  low  in  others. 

Thyroid  Disorders 

The  best  known  and  most  widelv  used  c'.x- 
ample  of  selective  absorjttion  is  tlie  accumula¬ 
tion  of  kxlinc  bv  tlie  thrvoid  gland.  Other 
tissues  and  organs  of  the  bodv  have  veiy  little 
use  for  this  element  while  the  tlyroid  emplovs 
large  amounts  of  it  in  manufacturing  the  thv- 
roid  hormone,  thvro.xin.  The  tlnroid  gland 
picks  up  and  utilizes  nearlv  all  of  the  iodine  re¬ 
tained  in  the  human  system,  normalli'  about 
1,000  times  as  much  as  surrounding  tissue. 
This  selective  action  provides  practically  ideal 
conditions  for  radioiodine  tracer  studies  of  the 
gland  and  its  functions. 

The  rate  of  iodine  pickup  is  above  normal 
in  hj'pertlnToidism  (overactivitA'  of  the  tlyroid) 
and  below  normal  in  h3'poth3roidism  (under- 
activit3*).  Diagnosticians,  with  radiation  count¬ 
ing  instruments,  can  easily  determine  this  rate 
in  any’  individual  after  administration  of  a 
small  tracer  dose.  The  diagnostic  method  now 
in  use  b3'  hundreds  of  hospitals  and  private 
practitioners  involves  simpl3'  the  placement  of 
a  counter  over  the  patient’s  throat  to  measure 
the  accumulation  of  radioactivitv  in  the 
tlyroid  after  a  drink  of  weak  radioiodine  solu¬ 
tion.  In  man3'  places  the  technique  i^;  used 
routinel3'  on  all  tly  roid  cases  and  has  been  made 
even  easier  bv  the  availabilit3^  of  gelatin  capsules 
which  contain  a  correct  tracer  amount  of  the 
material  for  the  patient  to  swallow.  The  rate 
and  degree  of  radioiodine  accumulation  in  the 
urine  and  in  various  blood  fractions  are  also 
important  in  determining  the  tlyroid  health 
picture. 

Delineation  of  Organs 

The  actual  size  and  shape  of  an  organ  fre¬ 
quently  need  to  be  known,  as  in  diagnosing  a 
pathological  condition,  planning  for  surger3',  or 
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dotormiiiiiig  organ  hulk  in  onlor  to  plan  a 
propor  size  of  therapeutic  close.  In  the  ease 
of  the  thyroid  gland  this  is  done  with  a  highly 
directional  counter  which  “sec's”  otdy  a  vcmv 
small  area  and  thus  can  pinpoint  the  source* 
which  is  producing  the  counts.  AftcT  a  trucc'C 
dose  of  radioiodine,  such  a  counter  can  he* 
inovc'd  about  ovt'r  the  patient’s  neck  to  find  the 
pattern  of  activity  and  thus  to  outline  the 
thyroid  tissue  itself. 

A  refinement  of  this  scanning  method  which 
has  come  into  favor  use's  a  motor-driven  carriage 
to  move  the  counter  hack  and  forth,  and  step¬ 
wise,  over  the  throat.  Amplihe'd  pidse's  from 
the  counter  actuate  a  marking  pen  which  is 
moved  back  and  forth  continuously  over  a 
chart  at  the  same  rate  as  the  counter.  The 
resulting  pen  marks  indicate  the  locations  of 
the  raelioactivity  and,  as  the  counter  and  pen 
move  down  line  by  line,  an  actual  picture  of  the 


thyrt)i<l  gland  is  built  up.  Quite  detailed  pic¬ 
tures  are  obtained  in  this  way,  with  nonfunction¬ 
ing  and  over-functioning  an-as  of  the  gland 
clearly  distinguished.  Successful  use  of  this 
scanning  method  in  the  case  of  the  thyrokl 
gland  has  h'd  to  its  u.se  with  other  organs. 

Location  and  Extent  of  Malignancy 

Cancers'  are  known  to  inherit  some  of  the 
charai'teristics  of  their  parent  tissues.  Those 
of  the  thyroid  gland,  for  e.xamph',  are  sometimes 
able  to  accumulate  iodiite  and  even  to  manu¬ 
facture  till'  hormone.  'I'liis  uncertain  (“on- 
centration.  however,  is  of  very  little  or  no  use  in 
locating  cancer  in  the  gland  itself  because  of 
the  high  concentration  in  the  surrounding 
gland  tissue. 

VV’here  the  thyroiil  cancc'r  has  metastasized, 
or  spread,  to  other  parts  of  the  body,  as  it 
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usually  do<‘s,  the  offshoots  may  ooiitimio  to 
grow  with  thyroid  charactt'ristifs.  'I'hese 
thyroid  iJU'tastases  vary  greatly  in  their  ability 
to  accumulate  iodine.  This  uncertainty  in 
iodine  pickup  is  unfortunate  in  so  far  as  finding 
the  offshoots  is  conceriunl.  Nevertheless,  a 
large  enough  proportion  of  them  show  activity 
to  make  radioactive  tracing  a  valuable  diagnos¬ 
tic  procedure.  Many  such  cancerous  lesions 
have  been  found  which  would  not  liavc  been 
located  by  other  available  means. 

The  overpowering  affinity  of  the  normal 
thyroid  tissue  for  iodine  prevents  anv  appreci¬ 
able  accumulation  b^'  the  cancer  cells.  When 
the  thyroid  gland  is  removed  by  surgery  or 
otherwise  inactivated,  the  cancer  offshoots  re¬ 
ceive  more  thyroid-stimulating  hormone  from 
the  pituitaiy  gland.  Those  which  arc  able  to 
take  up  iodine  then  increase  their  uptake  and 
can  more  easily  be  found  and  treated. 

f'igure  9  illustrates  a  refinement  of  the  auto¬ 
matic  scanner  whicli  permits  a  survey  of  the 
entire  body.  This  type  of  instrument  has  fre¬ 
quently  demonstrated  the  presence  of  metastat¬ 
ic  cancers  which  were  othenvise  unsuspected. 

Tracer  methods  are  assisting  in  the  location  of 
brain  tumoi-s  in  a  number  of  hospitals. 

The  comparatively  weak  beta  radiation  from 
P-32  will  not  penetrate  the  brain  and  skull  well 
enough  to  allow  detection  of  tumors  e.xcept  by 
internal  probe  , whereas  the  gamma  radiation  of 
1-131  has  been  found  useful  for  locating  tumors 
through  the  intact  skull.  This  use  is  illustrated 
in  Figure  10.  Brain  tissue  is  normally  pro¬ 
tected  by  the  so-called  blood-brain  barrier  which 
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prevents  tlie  transfer  of  many  substances  from 
the  blood  strt'am  which  otherwise  would  be 
absorbed.  This  barrier  is  impaired  in  lesions, 
and  substances  may  temporarily  accumulat»‘  in 
the  e.xtracellular  spaces  and  cells  of  a  tumor 
while  being  e.xcluded  from  surrounding  tissue. 
Various  substances  have  been  tagged  with  I-I3I 
for  concentration  in  brain  tumors  by  this  action. 
A  survey  over  the  skull  with  a  directional  coun¬ 
ter  may  then  help  to  indicate  the  positio?i  of  the 
growth.  Diiodofluoresc»‘in  has  been  much  used 
as  a  carrier  of  1-131  for  this  purpose  but  has 
be(‘n  largely  supplanted  by  iodinated  human 
serum  albumin. 

Accurate  outlining  of  radioactive  areas  is 
considerably  more  difficult  in  the  brain  than  in 
the  thyroid.  Because  of  the  increased  amount 
of  surrouiuling  structure  a  considerable  «legree 
of  gamma-ray  scattering  occurs  which  blurs  the 
outlines.  Also,  concentrations  of  radioactivity 
ranging  only  from  1  .(>  to  29  relative  to  surround¬ 
ing  brain  tissue  have  la'cn  reported,  whereas  a 
relative  concentration  of  several  thousand  is 
characteristic  of  the  thyroid.  When  so  little 
variation  e.xists  between  tumor  and  surrounding 
tissue,  scattered  radiation  and  background  radi¬ 
ation  from  nattiral  sources  interfere  seriously 
with  the  diagnosis. 

These  difficulties  have  been  avoided  by  the 
use  of  a  highly  directional  scintillation  counter, 
with  a  recording  system  which  accepts  only 
those  pulses  from  the  counter  which  correspond 
in  energy  to  the  primary  gamma  ray  of  1-131. 
Only  1-131  concentrations  are  depicted  on  the 
resulting  gammagraph  because  scattered  radia¬ 
tion  is  too  degraded  in  energy  from  the  primary 
value.  Background  radiation  is  either  too  high 
or  too  low  in  energy  to  be  accepted. 

Another  scanning  device  for  brain  tumors 
takes  advantage  of  a  peculiar  property  of  posi¬ 
trons.  The  decay  of  a  positron,  immediately 
after  its  emission  by  a  radioisotope,  is  attended 
by  the  production  of  two  gamma  rays  which 
travel  in  opposite  directions.  The  device  em¬ 
ploys  two  opposed  scintillation  counters,  one 
on  each  side  of  the  patient’s  head.  It  is  de¬ 
signed  to  count  onh'  gamma  ray  coincidences, 
counts  which  occur  simultaneously  in  both 
counters.  Therefore,  it  can  detect  positron 
disintegrations  without  also  counting  scattered 
and  background  radiation.  The  device  is  used 
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to  detect  positron-emitting  substances,  such  us 
Copper  64  and  Arsenic  74,  concentrateti  bv'  the 
tumors. 

Benign  vs.  Malignant  Lesions 

Because  of  tiie  rapid  turnover  of  piiospboriis 
in  areas  of  accelerated  metabolism,  there  is  a 
temporary  8-  to  100-fold  eoiu'cntration  of  P-82 
in  such  areas  after  a  iliagnostic  dose.  Where 
this  concentration  occurs  near  a  surface  acces¬ 
sible  to  a  counter,  as  in  the  breast,  testes,  or  the 
eye,  the  fraction  of  the  dose  taken  up  by  the 
cancer  can  be  determined  by  a  sensitive  radia¬ 
tion  counter.  The  growth  or  shrinking  of  the 
lesion  under  therapy  may  thus  be  <letermine<l 
by  periodic  checks.  Since'  sejine'  benign  tumoi-s 
anel  other  rapielly  gnnving  tissue*  also  e'oncen- 
trate  the  isotope,  malignatwv  cannot  eh'hnitely 
be  distinguisheel.  Some  e-linicians.  howeve'r, 
find  the  method  useful  even  in  original  diagnosis 
for  cancer. 

The  beta  partie-les  from  P-82  caiuiot  pene*- 
trate  to  a  counter  through  more  than  7  or  8 
millimeters  of  tissue.  Kaeliopotassium  (K-42) 
has  been  used  to  extend  the  method  to  cane*er 
at  greater  elepths.  Pota.ssium,  too,  has  a  rapiel 
turnover  in  growing  tissue,  while  its  radio¬ 
isotope  emits  a  1.5-Mev  gamma  ray  which  is 
easily  detecte<l  by  a  scintillation  counter. 

RADIOGRAPHY 

The  taking  of  ‘‘X-ray  pictures,”  with  beams 
from  X-ray  tubes,  has  been  an  important  part 
of  diagnosis  since  the  turn  of  the  century. 
Devices  which  utilize  X-ray  emitting  radio¬ 
isotopes  as  sources  have  now  been  developed 
for  certain  diagnostic  purposes.  These  portable 
iinits  have  particular  value  in  isolated  locations 
where  conventional,  bulky  X-raj’  equipment  is 
not  practical. 

Such  a  portable  X-ray  unit  using  radio¬ 
thulium  (Tm-170),  has  been  developed  in  a 
ver\'  simple  form.  A  cylindrical  piece  of  lead 
which  can  be  grasped  in  the  hand  has  a  curved 
passageway  through  the  center  along  which  a 
small  thulium  source  can  be  slid  bj"  means  of 
a  photographic  shutter-release  cable.  When  not 
in  use  the  source  is  located  at  the  center  in 
shielded  position;  in  use,  it  is  moved  to  an  open 


port  at  tlie  end  l)y  means  of  the  cable.  Sin  h  a 
soun  t',  \~y  to  80  inches  away  from  an  ol)je<  t,  can 
produce  an  acceptabh-  radiograpli  in  a  fi'w 
seconds.  Tin*  result iiig  picture  is  tint  as  sharply 
(h'tailed  as  those  ol)tain(*d  with  conv«'ntional 
X-ray  equipment  but  is  .satisfactoin  for  jnany 
purposes  of  diagnosis, 

A  somewliat  similar  ilevice  has  been  devel- 
opeil  using  the  radioisotope  Strontium  t)0.  In 
the  thulium  unit  described  above,  the  X-rays  are 
emitted  by  an  ytterbium  isotope  formed  in  the 
ilecay  of  Tm-170.  Strontium  90,  on  tlie  otlier 
hand,  decays  to  an  isotope  which  emits  beta 
rays.  The  beta  particles,  or  electrons,  in  leaving 
the  atoms  and  traversing  tin*  material  in  the 
.source  and  holder,  generate  X-rays  just  as  the 
electron  beam  does  when  it  hits  the  target  in  an 
X-ray  tube. 

An  especially  useful  combination  is  provided 
by  one  of  these  Tm  170  or  Sr-90  X-ray  sources 
and  a  film  holder  incorporating  a  self-contained 
development  system.  In  this,  a  capsule  con¬ 
tains  film-developing  chemicals  whicli  can  be 
released  and  spread  over  the  film  without 
removing  it  from  tin*  holder.  A  finished  picture 
is  produced  in  about  1  minuti*.  Such  a  combina- 
lion  can  be  e.xtremely  valuable  in  an  army  field 
hospital,  for  example,  where  neither  X-ray 
equipment  nor  dark  room  is  available. 

Recent  expansion  and  improvement  in  the 
diagnostic  us(*  of  radioisotopes  an*  due,  in  large 
measure,  to  advances  in  instrumentation.  De¬ 
velopment  of  the  scintillation  counter  and  of 
counting  circuits  which  discriminate  between 
radioi.sotope  radiations,  and  between  these  and 
background  radiation,  have  greatly  increased 
the  seiKsitivity  of  detection.  More  definitive 
results  and  greater  accuracy  can  now  be 
obtained.  Moreover,  increased  sensitivity  per¬ 
mits  the  \ise  of  less  radioactivity.  Tracer 
amounts  of  radioisotopes  need  result  in  radia¬ 
tion  doses  no  larger  than  those  received  during 
X-ray  diagnosis. 

Hundreds  of  thousands  of  patients  have  been 
diagnosed  with  radioisotopes  in  the  United 
States.  Iodine  131  tests,  alone,  have  been  used 
ov'cr  a  quarter-million  times.  These  numbers 
are  increasing  rapidly  as  more  physicians  receive 
training  in  clinical  use  of  radioisotopes,  and  as 
techniques  and  instrumentation  continue  to 
improve. 


Medical  Therapy 


'IMu'  possibility  of  using  radioactivity  in  medical 
tliorapy  was  recognized  shortly  after  the  dis¬ 
covery  of  radium  in  1898.  Since  early  in  the 
present  century,  radium  has  b(>en  used  in  tele¬ 
therapy.  or  treatment  at  a  distance,  in  which 
it  provides  an  external  beam  of  radiation  to 
destroy  or  retard  tissue  growtli.  It  has  also 
found  widespnaid  use  in  tlie  form  of  surface 
applieatoi's  and  insertions  in  tissues  for  local 
irradiation. 

With  the  discovery  of  artificial  radioactivit3' 
the  possibilitv  of  a  third  mode  of  treatment 
was  recognized.  This  was  tlie  possibility  that 
radioa<'tive  forms  of  those  elements  whicli  take 
part  in  bodv  processes  could  be  introduced 
into  the  bodv,  and  tliat  the  bodv  would  con¬ 
centrate  them  in  certain  tissues  for  localized 
irradiation.  Earlv  hopes  regarding  this  tech¬ 
nique  have  not  all  been  realized,  since  the 
radioisotope  frequently  is  not  concentrated  to 
a  sufficient  degree  to  allow  its  destruction  of 
the  diseased  tissue  witliout  damage  to  hetUth.y 
tissues.  Biochemical  placement  of  tlierapeutic 
arnotints  of  lethal  radiation,  therefore,  car.  be 
relied  upon  onlv  in  certain  types  of  cases.  In 
these,  however,  valuable  results  are  obtained. 
More  positive  action  can  be  obtained  in  other 
instances  bv'  various  techniques  developed  for 
inserting  or  injecting  the  radioisotopes  directly 
into  tissues. 

The  therapeutic  uses  of  radioisotopes  are 
grouped  here  under  the  three  modes  of  applica¬ 
tion  mentioned  above:  (1)  biochemical  place¬ 
ment  of  radioisotopes,  (2)  physical  placement, 
and  (8)  teletlierapv'. 

BIOCHEMICAL  PLACEMENT 

Two  chief  t^pes  of  mechanism  account  for 
biochemical  concentration  of  materials  in  cer¬ 
tain  tissues.  The  first  is  the  selective  absorption 
of  a  material  needed  bv  a  particular  tissue  for 
its  special  function,  while  the  second  is  differ¬ 
ential  turnover  due  to  the  increased  use  of  a 
material  in  the  more  rapid  metabolism  of  a 
particular  tissue. 


Selective  Absorption 

Tlie  best  known  and  almost  classic  example  of 
a  special  alfiuity  between  a  tissue  and  a  par¬ 
ticular  sid)stance  is  (hat  of  the  tliyroid  gland 
and  iodine.  'I'he  use  of  this  selective  a<‘tion  to 
introduce  a  sufficiently  destructive  amount  of 
radioiodine  to  tin*  glaiul,  as  illustrated  in  Figure 
11,  is  now  considered  a  liighly  practical  form 
of  therapy  for  hy|)eitliyroidism  (including  thv- 
rotoxi<‘osis,  (Iraves’s  disease,  etc.)  It  is  es- 
speciallv  useful  wliere  surgery  would  be  too 
dangerous  or  thyroid  drugs  cannot  l)e  given  or 
are  unsuitabh>.  'I'his  treatment  has  largch' 
supplanted  surgical  removal  in  a  great  many 
hospitals.  Over  400  institutions  are  using  1- 
i:il  for  this  purpose  and  tens  of  thousaitds  of 
patients  liave  been  treated.  It  has  been  esti¬ 
mated  that  90  perctMit  of  the  hyperthyroid 
cases  treated  with  1-l.U  are  brought  under 
control  in  2  to  4  montlis. 
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MEDICAL  ACTION: 

l-DIACN0$IS  AND  TKAIMtNT  Of  NYKRTHYKIDISM 
1'  lOUlWN  or  TNYKHO  CANCU  OTFSHOOn  (METASTASIS) 
S-TIEATMENT  W  THYAOID  CANCEI  AND  METASIASa 

Kigckk  11. 

Overactiviti'  of  the  thyroid  gland  frequently 
results  in  the  appearance  of  goiter  as  an  outward 
manifestation.  Internal  consequences  are  much 
more  fundamental,  however,  since  the  thyroid 
has  a  profound  effect  on  both'  metabolism.  The 
rate  at  which  wc  burn  up  our  food  for  energy  is 
regulated  to  a  gr<‘at  extent  b^'  the  thyroid  hor¬ 
mone.  Overproduction  of  this  hormone  results 
in  so  fast  a  burnup  that  the  heart  is  overtaxed 
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ill  pumping  blood  to  supply  the  ueeessary 
oxygen.  The  intimate  connection  between 
thyroid  and  heart  functions  makes  thyroid 
treatment  a  valuable  adjunct  in  the  treatment 
of  angina  pe'^toris  and  congestive  heart  failure. 

Although  1-131  has  amply  demonstratetl  its 
ability  to  destroy  thyroid  tissue,  it  can  only 
rarely  be  used  effectively  against  thyroul  cancer. 
Destruction  or  removal  of  the  primary  cancer 
still  leaves  the  metastases  practically  unaffected. 
Difficvdty  in  inducing  these  to  pick  up  1-131  is 
met  with  in  therapy  as  it  is  in  diagnosis,  as 
previously  discussed.  Oidy  about  10  percent 
of  the  oflshoots  can  be  stimulated  to  concen¬ 
trate  1-131  in  effective  amounts. 

Radioiodine  uptake  by  the  metastases  can 
be  increased  in  three  wa3's:  (1)  The  plnsician 
may  let  “nature,  take  its  course.”  In  this  case, 
absence  of  thvroid  hormone,  after  loss  of  the 
tluToid,  stimulates  the  pituitaiy  gland  to  pro¬ 
duce  more  thyroid-stimulating  hormone  (TSH). 
Tiie  hormone  rouses  the  cancers  to  take  in  more 
iodine.  (2)  TSH  maj'  be  administered  as  a  drug 
for  the  same  purpose.  (3)  An  extended  course 
of  treatment  mav  be  given  with  t  hiouracil,  a  drug 
which  blocks  iodine  collection.  This  “starves” 
the  cancer,  so  that  a  later  dose  of  1-131  will  be 
more  actively  collected. 

Differential  Turnover 
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therapv  has  come  into  wide  use.  It  can  be 
administered  on  an  out-patient  basis  in  a  ph3’si- 
cian’s  office  and  radiation  sickness  and  other 
side  effects  can  be  avoided. 

Leukemia,  in  which  an  e.vcess  of  white  blood 
cells  is  produced,  has  not  responded  to  P-32 
therapy  to  as  great  an  extent.  In  general,  the 
results  are  quite  similar  to  those  obtained  with 
X-ra3's,  although  the  isotope  treatment  is 
usuall3’  favored  because  of  its  comparative 
convenience  and  freedom  from  side  effects. 
The  acute  form  of  the  disease  does  not  seem 
to  be  affected,  but  satisfactoiy  control  is  gained 
in  about  half  of  the  cases  of  chronic  leukemia. 


The  element  phosphorus  is  necessaiy  in  all 
living  cells  so  that,  in  time,  a  dose  of  P-32 
becomes  quite  generallv  distributed  through¬ 
out  the  bod3'.  Bone,  blood-forming  tissues, 
and  rapidl3'  growing  tissue  tend  to  concentrate 
it.  Importance  of  this  effect  in  P-32  treat¬ 
ment  of  diseases  of  the  blood-forming  svstem 
is  not  definiteh'  established,  but  certain  of 
these  diseases  respond  to  total  bod}'  radiation, 
however  administered.  This  meth.od  of  treat¬ 
ment  is  illustrated  in  Figure  12. 

Polvcvthemia  vera,  in  which  an  excess  of  red 
blood  cells  is  produced,  has  been  the  most 
successful!}'  treated  of  blood-svstem  diseases. 
Tlie  beta  ravs  from  P-32  do  not  cure  the  disease 
but  repress  cell  formation  nearlv  to  normal, 
ami  usuall}’  can  keep  it  there  after  a  single  large 
dose  or  repeated  small  ones.  While  X-rav  and 
other  treatments  perhaps  produce  equalh' 
good  result  in  pol3*c}’themia.  radioisotope 


PHYSICAL  PLACEMENT 

Man}'  approaches  to  concentrating  a  radio¬ 
isotope  where  its  radiation  will  do  the  most 
good  are  based  on  the  more  direct  concept  of 
putting  it  there  “by  hand”.  No  attempt  need 
be  made  in  this  case  to  matcli  biochemical 
activity  of  a  material  with  that  of  the  tissue 
to  be  treated;  in  fact,  the  concept  is  based  on 
lack  of  affinity  between  the  two.  In  general, 
such  materials  as  gold,  platinum,  stainless  steel, 
and  plastics  are  used  as  sources  and  coverings 
so  there  will  be  little  or  no  chemical  reaction 
with  the  tissues  or  dissolving  in  body  fluids. 

Radioisotopes  are  used  for  physical  place¬ 
ment  both  in  solid  form  and  as  a  liquid  in  an 
appropriate  carrier  or  solution.  As  solids  they 
are  placed  on  a  body  surface,  inserted  into 
cavities,  or  implanted  into  the  tissues.  As 
liqtiids  they  are  injected  into  cavities,  mingled 
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with  body  fluids  for  transport  to  iiiacfossihlo 
parts,  or  injected  into  tissues  as  a  disperse<l 
source  in  the  extracellular  spaces.  These,  var¬ 
ious  modes  of  application  and  their  uses  will 
be  discussed  in  separate  subsections. 

Colloids  and  Suspensions 

The  liquid  form  leferred  to  is  frenerally  not 
a  true  liquid  but  simply  a  fluid  carrying  tiny 
solid  particles  such  as  a  colloid.  Radioactive 
material  which  would  dissolve  to  a  true  liquid 
would  also  enter  the  body  chemistry  and  be 
lost  from  its  desired  position. 

By  putting  the  radioisotope  into  a  form  not 
affected  by  body  chemicals,  and  suspending  it 
in  a  finely  divided  state  in  a  liquid  whicii  is 
well  tolerated  b\'  the  body,  a  number  of  ad¬ 
vantages  are  gained.  The  particles  remain 
where  injected  in  a  tissue,  wliile  the  carrier  is 
absorbed.  When  introduced  into  the  bloo<l 
stream,  the  particles  are  carried  to  diseased 
organs  and  are  trapped  there  in  the  tissues. 
Also,  when  placed  in  a  cavity,  the  particles 
deposit  uniformly  over  the  lining  and  remain 
at  the  surface. 

Radioactive  gold  colloid  meets  many  of  the 
requirements  in  these  applications.  The  beta 
rays  emitted  are  short-ranged  and  so  affect 
only  the  tissue  immediately  adjoining  the 
particles.  The  half-life  of  2.7  days  allows  the 
activity  to  disappear  within  a  few  days,  after 
accomplishing  its  purpose,  and  the  body  toler¬ 
ates  the  inert  gold  during  the  remainder  of  the 
person’s  life. 

The  chief  disadvantage  of  gold  colloid  is 
that  it  emits  penetrating  gamma  radiation  in 
addition  to  the  beta  radiation.  This  makes  it 
more  hazardous  to  administer.  Surrounding 
healthy  organs  are  also  partly  irradiated  as  well 
as  the  local  tissue.  Colloidal  chromic  radio- 
pliosphate  has  come  into  favor  in  some  applica¬ 
tions,  chiefly  because  the  radiophospliorus  emits 
only  beta  part  icles. 

Otlier  colloids  are  also  being  used  to  advan¬ 
tage,  and  more  are  being  investigated.  Gold 
colloid  can  be  plated  with  silver,  for  example, 
to  “fool”  the  body  into  transporting  the  gold 
radiation  sources  to  a  greater  extent  into  the 
lymph  channels.  Yttrium  chloride  forms  a  col¬ 
loid  after  injection  into  tlie  body  fluids  and  is 


generally  believe<l  to  have  {)otential  importain  e 
because  of  the  favorabh'  half-lift*  (2.()  days)  attd 
pure  beta  radiation  of  ratlioyttrium  (Y-OO). 
Other  radioisotopes  seem  to  offer  special  ad¬ 
vantages  in  this  type  of  therapy  but  nunain 
radioactive  too  long  for  safety.  'Fhese  individ¬ 
ual  advantages  may  yet  be  realizt'd  as  a  result 
of  research  on  complexing  agents  which  may 
remove  radioisotopes  from  the  l)ody  when  the 
desiretl  therapy  is  accomplished. 

Interstitial  Injection 

Direct  injection  of  radiocolloid  has  provided 
a  useful  mode  of  treatment  of  maiu  types  of 
accessible  but  inoperable  malignant  masses. 
Those  which  are  not  suitable  for  surgery  be¬ 
cause  of  proximity  to  delicate  organs,  lack  of 
definite  boundary,  or  precarious  condition  of 
the  patient  are  often  recluced  by  this  treatment. 
The  tumors  frequently  can  be  given  large 
doses  of  radiation  which  could  not  be  admin¬ 
istered  with  external  X-rays  without  serious 
damage  to  other  tissues. 

This  type  of  therapy  has  become  routine  in 
many  hospitals  in  treating  cases  of  inoperable 
cancer  of  the  prostate  gland.  Only  -5  to  10 
percent  of  prostate  cancer  cases  are  found  while 
still  in  the  stage  where  surgi(*al  removal  of  the 
prostate  and  capsule  can  produce  a  cure.  In 
about  half  the  cases  the  tumor  has  invaded  its 
surroundings,  and  it  is  in  this  class  that  inter¬ 
stitial  injection  of  radiocolloid  has  been  used 
with  good  effect.  In  the  remaining  cases, 
spread  has  occurred  to  distant  areas,  usually 
bone  or  lungs,  and  the  radioactivity  carried 
to  these  sites  by  the  blood  stream  is  not  suffi¬ 
cient  to  produce  a  significant  effect. 

Encouraging  results  have  l)e(‘n  obtained 
where  the  colloid  was  used  before  metastasis 
occurred.  I’^sers  of  this  technique  have  stated 
that  the  most  striking  effect  is  the  rapid  re¬ 
gression  in  prostate  size,  experiencetl  in  very 
nearly  all  cases.  In  7  to  It)  days  a  large 
nodular  prostate  can  shi'ink  until  it  is  l)arely 
detectable. 

Involvement  of  the  lymphatic  system  fn*- 
quently  occurs  in  case's  of  cancer  because  cells 
and  tissue  fragments  separated  from  the 
malignant  mass  are  draitu'd  off  along  tin* 
lymph  e-hannels.  Removal  of  inh'ctious  agents 
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and  broken-down  colls  is  a  natural  function  of 
the  lymph  system.  This  function,  unfortu¬ 
nately,  aids  in  the  spread  of  canceu-  because  the 
cancer  cells  start  new  grow  ths  where  they  come 
to  rest.  This  most  frequently  happens  at  the 
lymph  nod(>s,  the  collecting'  points  of  the  sys¬ 
tem,  which  are  usually  distant  from  the  cancer 
and  at  inaccessible  locations.  An  advantage  of 
radiocolloid  therapy  in  such  cases  is  that  the 
radioactive  particles  are  often  drained  off  in 
the  same  way  and  become  lodged  at  th<*  same 
points. 

Both  surgery  and  X-irradiutiou,  when  they 
fail  in  cases  of  cancer  of  the  cervix,  do  so  pri¬ 
marily  because  of  residual  cancerous  growth  in 
the  lymph  nodes  and  the  adjoining  tissues. 
Radiogold  colloid  has  demonstiated  its  ability 
to  reach  the  lymph  nodes  for  localized  destruc¬ 
tion  after  injection  near  the  tumor  mass.  It 
may  be  used  as  an  adjunct  to  other  therapy  in 
cervical  cancer  cases. 

Intravenous  Injection  and  Clearance 

When  a  colloidal  substance  is  introduced 
into  the  blood  stream  a  somewhat  similar 
result  is  accomplished.  The  reticulo-endothe- 
lial  system,  a  group  of  specialized  cells  wide¬ 
spread  through  the  liver,  spleen,  lymph  glands, 
and  bone  marrow,  clears  particles  and  debris 
from  the  blood.  Radiogold  colloid,  when 
injected  into  a  vein,  is  caught  in  this  system 
and  thus  furnishes  a  means  for  treating  its 
diseases.  Chronic  lymphatic  leukemia,  for  ex¬ 
ample,  responds  to  this  treatment  about  as 
often  as  to  drugs  and  X-rays.  Hodgkin’s 
disease  and  lymphosarcoma  are  also  treated  in 
this  manner. 

Distribution  within  the  body  depends  partly 
on  particle  size.  A  degree  of  control  can  thus 
be  realized  through  choice  of  an  appropriate 
size.  Extremely  small  particles  of  gold,  meas¬ 
ured  in  millionths  of  an  inch,  are  produced 
from  a  solution  of  a  radioactive  gold  com¬ 
pound.  Slight  alterations  in  the  chemical 
technique  can  give  a  range  of  sizes.  Larger 
particles  may  be  obtained  by  depositing  the 
radiogold  on  suspensions  of  finely  divided 
charcoal. 

An  entirely  different  distribution  is  obtained 
with  the  larger  particles.  These,  when  in¬ 


jected  into  the'  blood,  are  caught  in  the  fine 
capillaries  of  the  lungs,  wheieas  the  smaller 
particles  of  a  gold  colloid  pass  through  and 
concentrate  in  liver  and  spleen.  Cancer 
growths  distributed  throughout  the  lung,  as  a 
result  of  blood  transport  from  a  distant  pri¬ 
mary  cancer,  can  thus  be  given  local  radiation 
treatment  by  the  particles  blocked  at  the 
scattered  sites.  This  tt’pe  of  therapy  is  rela¬ 
tively  new  and  may  n>sult  in  useful  treatment 
when  the  possibilities  of  controlling  placement 
aiul  distribution  have  been  fui  ther  e.xplored. 

Intracavitary  Injection  and  Instillation 

Radiocolloids,  being  in  fluid  form,  are  well 
suited  for  placement  in  body  cavities  to  irra¬ 
diate  cavity  linings.  Beta  radiation  from  only 
the  outer  particles  can  reach  the  tissues  with¬ 
out  being  absorbed  in  the  liquid,  so  that  the 
effect  is  that  of  a  thin  radioactive  coating. 
Moreover,  the  particles  are  rapidly  deposited 
upon  the  surface  itself  and  are  engulfed  in  the 
cells.  Only  about  1%  of  the  particles  escape 
through  lymph  channels  to  the  blood  and 
thence  to  liver,  spleen,  and  marrow,  so  that 
undesirable  systemic  effects  of  the  treatment  are 
usually  negligible. 

This  technique,  illustrated  in  Figure  13,  is 
being  used  in  about  25t)  hospitals  in  the  control 
of  fluid  accumulation  in  the  abdominal  and 
chest  cavities  of  cancer  patients.  Often  pain  or 
disturbance  due  to  fluid  pressure  on  adjacent 
organs  is  the  only  awareness  the  patient  has  of 
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his  disease.  Irradiation  of  the  cavity  lining 
reduces  or  prevents  the  fluid  formation,  and 
can  make  his  e.xistence  tolerable  while  tieat- 
ment  of  his  disease  is  attempted.  Reports  by 
those  using  this  techniciue  indicate  that  relief 
from  symptoms  can  be  obtained  in  ajipro.xi- 
mately  50  percent  of  the  cases.  'Fhe  gcuieral 
opinion  is  that  it  is  best  suited  to  cases  in  which 
the  cancer  is  growing  slowly  and  the  aci'umula- 
tion  of  fluid  is  the  most  impoi  tant  symptom. 

Radiocolloids  have  also  been  injected  into 
cavities  as  a  preventive  measure  rather  than 
as  a  treatment.  Radiogold  is  sometimes  used 
in  this  manner  when  a  cystic  cancer  of  the  ovary 
is  removed.  In  this  operation,  there  is  a 
possibility  that  some  of  the  contents  of  the 
cyst  will  be  ."eleased  into  the  abdominal  cavity. 
Introduction  of  the  radiogold  seems  to  decrease 
the  probability  that  the  cancer  “seeds’’  will 
grow. 

Cancer  of  the  lung  almost  always  involves  the 
adjacent  lymph  nodes.  Radiogold  colloid  has 
frequently  been  put  into  the  lungs,  by  injection 
or  tube,  for  drainage  to  these  sites.  The  slow¬ 
ness  of  the  drainage,  however,  is  a  disadvantage 
of  this  technique  since  the  gold  radioactivity  is 
practically  spent  in  the  10  or  more  days  before 
optimum  concentration  occurs.  This  period 
has  been  reduced  to  about  5  days  by  coating  the 
radiogold  with  silver. 

A  still  greater  improvement  has  been  achieved, 
in  experimental  work  with  dogs,  by  injecting 
the  gold  colloid  into  the  wall  of  the  bronchus, 
or  windpipe.  From  there  it  has  only  a  short 
distance  to  travel  and  accumulates  effectively  in 
the  lymph  nodes  within  3  days. 

Too  intense  irradiation  of  a  localized  area  of 
tissue  is  avoided  wherever  radioisotopes  are 
applied.  If  tissue  is  killed  faster  than  its  frag¬ 
ments  and  breakdown  products  can  be  disposed 
of  through  the  Ijunph  and  blood,  toxic  sub¬ 
stances  are  formed  and  release<l  into  the  system 
as  in  gangrene.  Too  intense  a  dose  of  radio¬ 
colloid  put  into  the  quite  radiosensitive  lung,  in 
an  attempt  to  achieve  adequate  transfer  to 
lymph  nodes,  needs  to  be  avoided.  However, 
it  has  been  suggested  that  a  lobe  of  the  lung 
can  be  used  simply  as  a  transfer  point  for  part 
of  a  heavy  dose,  when  the  lobe  is  about  to  be 
surgically  removed  in  any  event. 

The  lining  of  the  bladder  has  also  been  treated 


by  radiocolloid  instillation,  or  introduction  by 
tube.  Filling  the  cavity  with  the  fluid  allows 
particle  sources  of  beta  radiation  to  surround 
each  tiny  papilloma  oi-  piotubiuance  from  the 
wall.  After  sufficient  time  for  effective  action, 
the  cavity  can  be  drained. 

Intracavitary  Insertion 

Radium  has  long  been  used  in  <levices  spe¬ 
cially  designed  for  insertion  into  body  cavities. 
This  mode  of  radiation  therapy  has  been  greatlv 
extended  by  the  grc'ater  availability,  economy 
and,  in  many  cases,  effectiveness  of  the  newer 
radioisotopes. 

Cobalt  60  is  roughly  equivalent  to  radium  in 
this  type  of  application  and  <levices  designed  to 
hold  the  one  are  frequently  used  for  the  other. 
Figure  14  shows  a  simplified  illustration  of  such 
a  device.  Various  radiation  patterns  can  be 
produced  by  using  selected  intensities  and  posi¬ 
tions  of  the  radioactive  inserts. 

RADIOACTIVE  COBALT  -  Co  60 

FOR  INTRACAVITARY  OR  EXTERNAL  APPUCATORS 


PERMITS  WIDE  VARIETY  OF  APPUCATORS 
READILY  AVAILABLE  AND  INEXPENSIVE 
ALLOWS  LARGE  INVENTORY  OF  SPECUL  SOURCES 

Figure  U. 

Balloon  catheters,  also,  are  used  for  internal 
irradiation  of  body  cavities.  After  insertion 
into  the  bladder  or  uterus,  for  example,  they 
can  be  inflated  to  expand  the  organ  and  smooth 
out  the  folds  and  irregularities  of  its  lining  for 
uniform  irradiation.  Fluids  attempting  to  enter 
the  cavity  while  the  device  is  in  place  are 
drained  off  through  a  central  catheter.  One 
form  of  balloon  catheter  may  be  filled  with  a 
liquid.  Since  the  liquid  does  not  contact  the 
tissues  directly,  it  can  be  a  solution  containing 
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any  radioisotope  with  the  desired  radiation 
characteristics.  In  a  second  form,  the  catheter 
carries  a  small  radioactive  source  at  the  center 
so  that,  when  the  balloon  is  inflated,  the  cavity 
walls  will  be  properly  spaced  from  the  source 
for  uniform  irradiation. 

Interstitial  Implants 

The  insertion  of  radium  needles  and  radon 
seeds  into  cancer  tissue  is  a  well-established 
mode  of  treatment.  Hi're,  again,  the  tech¬ 
nique  has  been  e.vtended  and  improved  with 
radioisotopes.  Cobalt  60  wire  is  the  material 
most  used  for  this  purpose.  It  can  be  made 
much  more  radioactive  than  radium, so  that  only 
very  thin  wire  need  be  used.  This  is  enc.ase<l 
in  an  inert,  nonradioactive  sheathing,  such  as 
staiidess  steel,  which  absorbs  the  beta  radiation 
but  does  not  hinder  the  gamma  rays  and  is 
unaffected  by  body  chemicals.  The  encased 
wires  are  cut  to  the  desired  lengths  aivd  can  be 
bent  to  shapes  appropriate  for  the  tissues  or 
growth  to  be  treated,  although  they  usually 
resemble  straight,  rather  thick  sewing  needles. 
In  use  they  are  inserted  in  a  predetermined 
pattern  to  give  the  desired  radiation  field  and 
are  removed  when  a  specified  radiation  dose 
has  been  delivered. 

Both  Iridium  192  and  Tantalum  182  are  used 
in  the  same  manner,  with  certain  advantages 
and  disadvantages  when  compared  to  Cobalt 
60.  Both  have  a  greater  neutron  absorption 
and  so  can  be  given  a  higher  activity  in  a 
reactor.  On  the  other  hand,  they  have  much 
shorter  half-lives  (Ir-192,  74  days;  Ta-182,  111 
days;  Co-60,  5.3  years)  and  require  reactivation 
from  time  to  time. 

Implants  also  take  the  fos  u  of  short  lengths 
of  radioactive  gold  wire  encased  in  inactive 
gold  tubing.  These  are  comparable  to  the 
widely  used  radon  seeds  and,  because  of  the 
short  half-life  of  radiogold,  can  be  left  in  the 
tissues  permanently.  The  encased  wire  can 
be  conveniently  cut  in  the  operating  room  to 
lengths  providing  the  required  amount  of  radio- 
activity.  The  simple  act  of  cutting  seals  the 
ends  sufficiently  against  beta-ray  leakage.  The 
gold  seeds  liave  entirely  supplanted  radon  at 
sonu*  hospitals. 


A  unique  form  of  implant  has  been  developed 
in  which  short  lengths  of  either  the  radiocobalt 
or  radiogold  wire  are  alternated  with  inactive 
aluminum  lengths  within  very  thin  nylon  tub¬ 
ing.  This  radioactive  “suture”  is  sew’^ed  into 
the  tissues  in  a  configuration  designed  to  give 
the  best  radiation  pattern. 

An  ev('n  more  recent  development  makes 
use  of  copper-covn'red  iridium  wdre  for  this 
purpose.  Before  irradiation,  the  w  ire  is  slipped 
into  a  sheath  of  thin  copper  tubing,  to  absorb 
tbe  beta  particles,  and  cut  into  3-  or  4-mm 
lengths.  Radioactivity  induced  in  the  copper 
is  short-lived  and  disappears  before  use.  Tlie 
lengtlis  are  irradiatetl  and  then  the  desired 
number,  say  10  or  12,  are  spaced  at  1-centimeter 
intervals  in  nylon  tubing,  with  3  or  4  inactive 
aluminum  pieces  as  a  continuation  at  both  ends. 
The  tubing  is  compressed  between  the  wires  to 
maintain  (heir  spacing.  Enough  tubing  is  left 
at  one  end  to  allow'  the  radioactive  portion  to 
remain  in  a  shielded  container  while  the  surgeon 
places  his  needles  in  the  desired  pattern  in  the 
tissues  and  threads  the  free  end  of  the  tubing 
into  the  first  needle.  A  minimum  of  time  is 
then  iieeded  to  draw  the  active  portion  into 
position.  The  aluminum  markers  indicate  how' 
many  centimeters  the  end  sources  are  below- 
the  surface. 

Another  implantation  technique  is  reported 
to  be  ready  for  clinical  trial.  This  involves  the 
use  of  beads,  less  than  a  millimeter  in  diameter 
and  of  carefully  predetermined  radioactivity,  for 
implantation  in  brain  tissue.  Radioactive  gold, 
palladium,  and  yttrium  have  been  used  as  these 
sources.  Since  beta  particles  trav-el  ordy  a  very 
few  millimetei’s  in  tissue,  a  very  small  spherical 
volume  (-an  be  given  a  predetermined  irradia¬ 
tion. 


The  very  short  range  of  beta  partich's  from 
certain  radioisotopes  has  been  advantageous 
in  surface  applications.  Many  skin  conditions, 
including  warts  and  benign  and  malignant 
tumors,  are  treated  with  X-rays  but  oidy  tlie 
very  softest,  or  least  petietrating,  of  these 
rays  can  be  relied  on  to  affect  the  outer  layers 
wdthout  damage  to  deeper  structures.  In 
contrast,  the  beta  radiation  from  ladiophos- 
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phorus,  for  oxamplo,  lias  an  avi'rage  penetration 
of  only  about  one  millimeter  and  cannot  reach 
the  underlying  tissues. 

Plaques  of  many  types  have  been  tleviseil 
for  holding  coneentrated  or  dispersed  beta- 
ray  sources  next  to  the  skin.  Tin*  simplest 
form  is  obtained  by  soaking  a  piece  of  absorbent 
paper  in  a  radioactive  solution  and  holding 
it  to  the  skin  with  adhesive  tape.  Another 
simple  type  is  obtained  by  incorporating  a 
finely  divided  radioactive  material  into  a 
plastic  substance  which  can  then  be  moldeil 
to  the  contour  of  the  surface.  Actual  contact 
of  the  radioisotope  and  skin,  i  these  cases, 
is  prevented  by  a  thin  wrappini;  .c  (kdlophane 
or  the  like. 

Ophthalmic  Applicators 

A  variety  of  devices  have  been  designed  for 
beta  irradiation  of  eye  lesions.  These  employ 
the  same  radioisotopes  as  in  the  surface  plaques 
just  described  and  have  the  same  effect — 
in  fact,  they  are  often  used  in  treating  skin 
conditions.  They  usually  are  designed  as 
hand-held  instruments  with  a  radioactive  tip, 
and  are  frequently  provided  with  a  shield  to 
protect  the  physician’s  fingers.  More  than 
230  of  these  applicators  are  in  service  in  treat¬ 
ing  benign  and  malignant  lesions  of  the  eye. 
The  beta-emitting  isotope  Strontium  90  is 
most  frequently  used  as  the  source. 

Nasopharynx  applicators  are  quite  similar 
but  adapted,  as  the  name  implies,  to  use  in 
treating  pathological  conditions  of  the  upper 
air  passage.  Strontium  90  has  been  in  favor 
for  this  use  also,  with  Cobalt  60  occasionally 
providing  a  gamma-ray  instrument  for  special 
conditions. 

TELETHERAPY 

Distance  therapy  by  means  of  a  gamma-ray 
beam  from  a  concentrated  pellet  of  radioiso¬ 
tope  is  a  direct  outgrowth  of  teleradium  and 
X-ray  treatment.  Since  the  beam  is  directed 
through  the  body  to  the  cancer  or  other 
growtli  to  be  eradicated,  an  important  con- 
si<leration  is  the  amount  of  damage  to  healthy 
tissue.  Certain  radioisotopes  have  shown  a 


superiority  to  X-ray  equipment  in  this  respi'ct. 
because  the  whole  of  their  radiation  has  tlie 
same  energy  or  penetrating  power.  In  an 
X-ray  beam  a  large  range  of  energies  are  present 
an<l  much  of  the  beam  must  be  filtered  out  in 
eliminating  the  portion  most  harmful  to  ovtu- 
lying  tissues.  To  obtain  a  useful  beam  with 
radiation  as  penetrating  as  that  from  Cobalt 
60,  very  special  and  expensive  X-ray  equip¬ 
ment  in  the  2-million-volt  range  is  required. 

A  Cobalt  60  unit  is  basically  a  small  piece 
of  the  ra<lioactive  metal  at  the  center  of  a 
large  ball  of  lead  or  other  heavy  shielding. 
A  passageway  for  a  beam  of  gamma  rays  from 
the  cobalt  is  blocked  by  a  shutter  of  movable 
shiehling  when  not  in  use.  This  basic  unit, 
to  be  useful,  must  be  support t'd  in  such  a 
way  that  the  beam  can  be  directed  as  desired. 
Further  details  of  control  are  added  according 
to  the  proposed  use  and  budget  allowance. 
Thirty  or  more  machines  are  now  in  use  in  the 
United  States.  They  differ  in  the  degree  of 
complexity  introduced  by  positioning  con¬ 
trols,  timing  mechanisms  and,  in  some  instances, 
even  electronic  computers  to  direct  the  move¬ 
ments  throughout  a  treatment. 

The  machines  fall  into  two  classes  depend¬ 
ing  upon  the  source  strength  and,  therefore, 
the  amount  of  shielding.  The  “hectocurie” 
units,  with  source  strengths  of  a  few  hundred 
curies,  can  be  light  enough  to  roll  from  place  to 
place.  The  “kilocurie”  units  have  sources 
of  a  few  thousand  curies  and  are  permanent 
installations. 

The  ruggedness  and  comparative  simplicity 
of  the  source  holder  and  shielding  gives  the 
basic  unit  a  high  degree  of  maneuverability. 
The  advantages  of  “rotational”  therapy,  for 
example,  can  be  obtained  by  swinging  the 
beam  source  entirely  about  the  patient,  as  in 
the  kilocurie  unit  illustrated  in  Figure  15, 
with  the  beam  continually  ilirected  at  a  tumor. 
A  heavy  dose  of  radiation  can  be  delivered 
to  a  small  volume  in  this  way  without  over¬ 
dosing  any  one  part  of  the  skin  or  healthy 
tissue. 

Tlie  basic  principle  in  placing  the  source  at  a 
distance  from  the  patient,  when  internal 
structures  are  to  he  irradiated  through  over- 
lying  tissue,  is  a  geometrical  one.  The  rays 
spread  out  in  straight  lines  from  the  source  so 
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Figure  15. 

that  an  area  of  a  given  size  receives  less  radia¬ 
tion  as  it  moves  away.  In  mathematical 
terms,  the  intensitj’  varies  inv’crsely  with  the 
square  of  the  distance.  Therefore,  with  a  very 
near  source  the  intensitj'  at  the  skin  is  much 
greater  than  at  the  more  distant  tumor. 
However,  with  the  source  a  few  feet  away  the 
tumor-to-skin  distance  makes  little  difference 
and  a  radiation  dose  can  be  given  to  a  tumor 
without  a  much  larger  dose  going  to  overlying 
tissues. 

With  the  exception  of  radium  units  and  one 
Cesium  137  unit  all  of  the  30  or  more  telether- 
apy  machines  in  operation  are  using  Cobalt  60. 
About  15  other  hospitals  have  machines  in 
various  stages  of  completion  but  are  awaiting 


their  turn  for  cobalt  being  activated  at  the 
National  Reactor  Testing  Station  in  Idaho. 

Cesium  137  offers  some  advantages  over 
Cobalt  60  as  a  teletherapj'  source,  chiefly  be¬ 
cause  of  its  much  longer  half  life  (33  j'ears  vs. 
5.3  j'ears)  and  the  reduced  amount  of  heavj' 
material  needed  to  shield  its  less  penetrating 
gamma  raj's.  This  isotope,  however,  has  not 
been  available  in  large  quantities,  except  for  the 
1540-curie  source  prepared  at  great  effort  for 
the  one  unit  mentioned  above.  The  new  fission 
product  separation  plant,  mentioned  later  under 
Available  Materials  and  Services,  is  expected  to 
produce  kilocurie  sources  suitable  for  tele¬ 
therapj'. 

NEUTRON-CAPTURE  THERAPY 

A  quite  different  technique  is  being  developed, 
especiallv  for  the  treatment  of  brain  tumors,  in 
which  a  stable  isotope  is  made  radioactive  after 
biochemical  concentration  in  a  tumor.  The 
stable  boron  isotope  B-10  in  the  form  of  a  borax 
solution,  for  example,  is  administered  to  a 
patient.  Impairment  of  the  blood-brain  bar¬ 
rier  by  the  brain  lesion  allows  temporary  con¬ 
centration  of  the  boron.  The  head  is  then  ex¬ 
posed  to  a  beam  of  reactor  neutrons.  Boron  10 
absorbs  neutrons  much  more  readily  than  the 
other  elements  present,  and  each  absorbing 
atom  emits  an  alpha  particle  which  ionizes 
heavily  during  its  very  short  travel.  Localized 
destruction  of  tumor  tissue  is  thus  accomplished. 


Agricultural  Studies 


The  frontiers  of  fann  science  and  land  develop¬ 
ment  must  be  pushed  forward  at  an  ever  in¬ 
creasing  rate  to  provide  for  world  population 
growth  and  to  improve  living  standards.  Food 
production  is  not  increasing  as  fast  as  popula¬ 
tion  demands.  World  population  is  increasing 
at  the  rate  of  about  1  percent  or  over  20,000,000 
persons  per  year.  Reliable  estimates  indicate 
that  over  lialf  of  the  more  than  two  billion  peo¬ 
ple  in  the  world  today  do  not  get  enough  to  eat. 

To  keep  food  production  in  pace  there  must 
be  ever  increasing  production  from  the  land 
and  this  advance  must  be  based  upon  the  work 
of  plant  and  animal  scientists. 

All  over  the  country  agricultural  research  is 
being  stimulated  through  the  use  of  radioactive 
and  stable  isotopes.  These  new  tools  are  un¬ 
locking  the  secrets  of  the  growth  of  plants  and 
animals  and  the  scourges  that  injure  or  destroy 
them.  Most  of  these  isotope  uses  are  related 
to  the  fate  of  metabolites  and  non-metabolites 
in  plant  and  animal  systems.  The  major  appli¬ 
cations  of  radioisotopes  to  agricultural  problems 
have  been  concerned  with  soils  and  fertilizers, 
photosynthesis,  entomology",  and  animal  and 
plant  nutrition. 

The  hundreds  of  agricultural  uses  of  radio¬ 
isotopes  are  here  separated  into  several  types 
of  uses  and  only  a  few  representative  examples 
of  each  are  discussed. 

PLANT  STUDIES 

Metabolism  and  Translocation 

The  movement  of  mineral  nutrients  in  plants 
is  being  studied  at  several  institutions.  Radio¬ 
isotopes  of  phosphorus,  sulfur,  calcium,  copper, 
molybdenum,  and  zinc  are  being  used  to  investi¬ 
gate  important  plant  nutrition  problems. 
Radiotracers  are  being  used  to  determine  the 
path,  rate  of  entry,  and  movement  of  materials 
in  plants,  the  mechanism  of  such  movement, 
and  to  trace  steps  in  the  mechanism  of  transfer 
of  ions  from  the  environment  to  the  plant  cell 
interior.  Tracing  elements  through  livitig 


plants  was  impossible  before  radioisotopes 
became  available. 

As  illustrated  in  Figure  16, radioactive  calcium 
has  been  used  successfully  to  study  the  uptake 
of  calcium  (the  element  supplied  by  liming)  ;by 
the  root  and  fruit  in  the  peanut  plant.  This 
investigation  showed  that  although  calcium  is 
absorbed  in  the  plant  by  both  the  fruit  and  root, 
absorption  by  the  roots  alone  is  not  sufficient 
for  fruit  development. 
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Figure  16. 

Iron  55  has  been  used  to  study  effects  of 
acidity  and  action  of  charged  particles  on  soils, 
and  to  trace  soil  nutrients  in  the  uptake  and 
translocation  of  iron  by  soi^hum  plants. 
Iron  55  and  Zinc  65  have  been  used  to  determine 
factors  influencing  uptake  and  distribution  of 
inorganic  elements  within  plant  tissues  and 
their  use  in  organic  compounds  synthesized 
within  the  plant.  Carbon  14  has  been  used  to 
study  translocation  of  labeled  organic  materials 
in  most  of  our  economically  important  plants. 

Uptake  of  Fertilizers 

The  most  extensive  use  yet  made  of  isotopes 
in  agriculture  has  been  concerned  with  studies 
on  the  uptake  of  fertilizers.  This  was  one  of 
the  first  and  most  important  uses  in  agri¬ 
culture.  Now,  even  after  8  years,  fertilizer 
uptake  studies  are  still  yielding  valuable  infor- 

31 


32 


ISOTOPKS — S-YKAR  SI  MMAKV 


mation.  With  radioactive  tracei-s  it  is  possible 
to  study  not  only  commercial  fertilizers,  but 
green  manures  as  well.  These  applications  are 
illustrated  in  Figures  17  and  18. 
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Figure  18. 

^Uthough  most  of  the  investigations  are 
designed  to  determine  the  proper  type,  place¬ 
ment,  and  efficiency  of  various  fertilizers,  the 
data  obtained  provide  many  other  answers 
since  the  studies  can  be  carried  out  under  a 
wide  variety  of  soil  and  climate  conditions. 
American  farmers  are  spending  more  than  a  bil¬ 
lion  dollars  a  year  for  commercial  fertilizere,  and 
isotopes  research  has  found  many  ways  to  get 
greater  returns  in  crop  yields  with  tliis  money. 

With  radioisotopes,  it  is  possible  to  tag  a 
certain  material  such  as  pliosphorus  in  the 
fertilizer,  and  tell  how  much  moves  into  the 
plant.  The  effectiv'cness  of  different  methods 
of  placement  of  the  fertilizer  such  as  below  the 


seed,  broadcast,  or  foliage  application  can  be 
easily  compared.  In  the  past,  requirements  of  a 
crop  on  a  particular  soil  for  a  specific  fertilizer 
usually  have  been  measured  by  crop  yield,  but 
variations  in  rainfall,  temperature,  disease, 
and  other  factors  also  affect  yield  and  confound 
the  evaluation  of  the  fertilizer.  Through  the 
use  of  radioisotopes  many  years  are  being 
saved  in  evaluating  fertilizer  materials  and 
methods  of  application,  and  sound  conclusions 
about  fertilizer  practices  are  being  drawn. 

The  capacity  of  the  soil  to  supply  a  plant 
nutrient  can  be  measured  by  adding  a  labeled 
fertilizer  as  a  partial  source  of  the  nutrient  to 
the  growing  plant.  The  plant  will  draw  upon 
both  the  natural  supply  and  the  added  fertilizer 
in  proportion  to  the  availability  of  each.  In 
some  soils,  most  of  the  plant  nutrient  will 
come  from  the  added  fertilizer,  in  other  soils 
most  of  it  will  come  from  the  nutrients  already 
present  in  the  soil.  The  isotope  dilution  analysis 
is  used  to  obtain  this  information.  Thus  the 
plant  itself,  which  is  the  best  judge  of  avail¬ 
ability,  is  used  to  give  the  answer. 

Although  measurement  of  crop  yield  is 
satisfactory  and  in  sonu*  cases  preferable,  the 
new  techniques  permit  an  evaluation  under 
varying  field  (‘onditions  and  at  any  stage  of 
the  plant’s  growth  through  the  season. 

Through  the  use  of  isotopes,  it  has  been 
proved  conclusively  that  plants  absorb  nutri¬ 
ents  not  only  through  the  roots  but  also  through 
the  foliage,  the  fruit,  the  twigs,  the  trunk, 
and  even  the  flowers.  Comparative  uptakes 
of  Phosphorus  32  are  illustrated  in  Figure  19. 
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Tracer  studies  show  timt  certain  plant  nutrients 
applied  to  the  leaves  in  soluble  forni  result  in 
as  much  as  95  percent  uptake  hv  the  plant. 
Plant  nutrients  applied  to  the  soil  often  show 
no  more  than  10  percent  uptake. 

Work  in  California  and  in  Oregon  showed 
that  spraying  dormant  trees  with  fertilizei-s 
improved  the  growth  of  the  fruit  tlie  ne.xt  year. 
It  has  been  shown  that  within  24^8  horn's, 
even  in  mid-winter  and  at  below  freezing 
temperatures,  radiozinc  movement  in  the 
branches  can  be  traced  18  indies  to  2  feet 
above  the  point  of  application.  Furthermore, 
the  nutrient  tends  to  accumulate  near  the 
buds.  Thus  the  entry  of  nutrients  into  dormant 
branches  is  proved  and  the  value  of  spraying 
fruit  trees  with  zinc  in  the  dormant  season  is 
established. 

Similarly,  tlie  radioisotope  teclmique  sliows 
that  a  leaf  is  a  very  efficient  organ  of  absorption. 
Experiments  prove  that  the  nutrient  material 
moves  in  from  any  leaf  surface  botli  night 
and  day. 

If  leaf  feeding  is  compared  with  soil  feeding 
radioisotopes  demonstrate  that  nutrients  sup¬ 
plied  to  roots  move  upward  in  the  plant.  If 
applied  to  the  loaf  the  nutrient  moves  downward 
in  some  plants  at  the  rate  of  about  one  foot  an 
hour.  When  applied  to  a  middle  leaf  the  nutri¬ 
ent  moves  both  ways  very  effectively.  Also 
learned  during  these  studies  is  the  fact  that  cer¬ 
tain  parts  of  a  plant  need  specific  nutrients  at 
different  times. 

When  seeds  form  in  fruit,  radioisotopes  show 
that  phosphorus  concentrates  immediately  in 
the  seed.  In  the  case  of  the  apple  both  phos¬ 
phorus  and  magnesium  concentrate  in  the  seed 
when  it  is  developing.  This  explains  why  a 
magnesium  deficiency  appears  in  the  foliage  in 
summer  when  seeds  are  drawing  magnesium 
from  the  leaves. 

Studies  with  radiocalcium  have  shown  tliat 
foliage  application  does  not  result  in  movement 
of  this  nutrient  to  root  sections.  Tiiis  is  of 
considerable  importance,  for  example,  in  grow¬ 
ing  strawberries.  Calcium  applied  to  the  foliage 
of  strawberry  plants  would  not  move  to  the 
roots.  Daughter  plants  nourished  only  by 
roots  might  therefore  starve  to  death  for  lack  of 
calcium  if  the  material  is  available  only  througli 


the  leaves.  C'alcium  must  be  applied  to  the 
soil  to  reacli  the  entire  plant  including  the  roots. 

Frea  applied  to  tlie  foliage  is  being  used  vinv 
freely  by  orchardists  and  vegetable'  crop 
specialists.  Tlie  urea  molecule  has  two  groups 
of  nitrogen  atoms  in  addition  to  one  oxygen  and 
one  carbon  atom.  Since  no  suitable  radioiso¬ 
tope  of  nitrogen  exists  the  molecule  is  maele 
radioactive  by  using  radioactive  carbon.  (It 
can,  however,  be  traced  by  a  heavy  isotope  of 
nitrogen,  stable  X  -15.)  When  urea  is  applied 
to  a  plant  the  enzyme  “ureasi'"  acts  on  the 
molecule  and  splits  it.  The  groups  containing 
nitrogen  combine  with  hytlrogen  in  the  plant 
moisture  to  give  ammonia  which  moves  into  the 
plant.  The  radioactive  cnrboii  and  the  oxygen 
from  the  plant  moisture  conii  uie  to  give  radio¬ 
active  carbon  dioxide.  B\  .Hunting  the  railio- 
active  carbon  dioxide  that  is  given  off,  one  can 
obtain  an  absolute  measurement  of  the  use  of 
nitrogen  from  the  urea  applied.  This  test  has 
given  valuable  information  on  the  ability  of 
different  plants  to  use  this  compound. 

Soil  Fertility 

Of  major  concern  in  agriculture  are  the 
amounts  of  naturally  occurring  nutrients  in 
soil,  their  exchange  between  the  soil,  the  soil 
solution,  and  plant  roots,  and  their  availability 
to  plants. 

Maintenance  of  soil  fertility  is  the  mai.n 
objective  of  soil  management.  Soils  of  the 
United  States  Corn  Belt  are  fertile,  but  their 
continued  ability  to  supply  adequate  potash 
(potassium)  to  corn  has  been  questioned.  The 
capacity  to  supply  potash  can  be  measured  with 
radioisotopes.  Unfortunately,  one  cannot  use 
a  radioisotope  of  potassium  in  field  studies  for 
it  has  none  with  long  enough  half-life.  How¬ 
ever,  radioactive  rubidium,  which  behaves 
chemically  very  similarly  to  potassium,  can  be 
used  and  follows  along  witli  potassium  as  a 
tracer.  These  studies  are  yielding  valuable 
information  on  soil  maintenance  questions. 

A  tracer  study  directly  related  to  soil  fertility 
is  the  use  of  radioactive  calcium  in  measuring 
ti»e  kinetic  exchange  of  this  element  in  various 
types  of  clays.  The  radioisotope  tracer  tech- 
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uique,  illustrated  in  Figure  20,  is  particularly 
suited  to  measurement  of  exchange  between 
ions  of  the  same  element.  This  study  shows 
that  calcium  exchanges  readily. 

lABIOACmi  CALCIUM  -  Ci4S 

FN  STUDYMC  KINETK  EXCIUME  IN  CUYS 


ADVANTAGES: 

l-MEASUUS  EXCMANCC  KYWCEN  KHU  OF  SAME  ELEMENT 
E-CONFUMS  KMETK  EOMUMMIM 

Fiourk  20. 

Calcium  45  has  also  been  used  to  study  the 
absorption  of  calcium  by  alfalfa  and  other 
legumes  as  influenced  by  soil  reaction,  amount  of 
exchangeable  calcium,  degree  of  calcium  satura¬ 
tion,  presence  of  manganese,  iron  and  aluminum, 
and  method  of  application. 

Ijikewise,  Phosphorus  32  is  used  to  study 
exchange  reactions  of  inorganic  phosphorus 
between  solutions  and  mineral  surfaces  in  soils 
and  synthetic  calcium  phosphates,  and  to 
determine  the  contribution  of  phosphorus  in 
manures  to  the  fertility  of  the  soil. 

Carbon  14  has  been  used  to  study  decomposi¬ 
tion  rates  of  organic  materials  in  soils  and  then- 
availability  as  nutrients  to  plants.  Radio¬ 
isotopes  of  potassium,  calcium,  and  rubidium 
have  been  used  in  the  laboratory  to  study 
exchange  equilibria  reactions  of  these  elements 
in  soils.  In  other  laboratory  studies.  Sulfur  35 
and  Calcium  45  have  been  used  to  determine  the 
rate  of  leaching  of  these  elements  through 
columns  of  soil. 

The  radioisotope  technique  opens  new  vistas 
in  basic  research  on  soil  fertility.  It  adds  to  the 
precision  and  reliability  of  measurements  of 
importance  to  agriculture.  It  does  not  make 
obsolete  other  current  research  methods  but 
rather  supplements  them  as  a  very  useful  new 
tool. 


Action  of  Growth  Regulators  and 

Herbicides 

Radiosotopcs  are  used  to  study  the  behavior 
and  action  of  plant-growth  regulators  and  herb¬ 
icides.  These  investigations  are  com-erned 
primarily  with  how  these  materials  act  on 
metabolic  processes.  The  method,  illustrated  in 
Figure  21,  is  so  specific  it  can  sliow  how  a  regu¬ 
lator  is  translocated  to  developing  parts  of  the 
plant.  Further,  it  is  so  sensitive  that  it  indi¬ 
cates  accumulation  of  as  little  as  a  millionth  of 
a  gram. 
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Growth  regulators  can  speed  up  or  slow  down 
the  growth  of  plants.  Advancing  the  date  for 
maturing  of  crops,  in  some  cases,  can  mean 
thousands  of  dollars  of  added  profit  in  the 
market  place.  Radioisotopes  are  helping  to  find 
better  growth  regulators. 

In  the  war  on  weeds  radioisotopes  have  been 
called  upon  to  help  explain  the  complicated 
actions  of  herbicides.  It  has  been  estimated 
that  crop  losses  due  to  weeds  alone  amount  to  at 
least  5  billion  dollars  annually.  Weed  plants 
take  water  and  nutrients  meant  for  crops  and 
are  carriers  of  both  animal  and  human  diseases. 
Their  presence  increases  the  cost  of  tillage  by 
almost  50  percent. 

Certain  chemicals  can  kill  some  plants  and 
spare  others.  The  best  known  herbicides  now 
in  use  are  the  phenoxyacetic  acid  derivities 
known  popularly  as  2,4-D  and  2,4,5-T,  pro¬ 
duced  in  1954  at  a  rate  exceeding  60  million 
pounds. 
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The  action  of  herbicides  on  the  alligator  weetl 
has  been  investigated  with  C-14-labeled  2,4-L)- 
Through  this  study  valuable  information 
was  gained  on  possible  new  materials  for  com¬ 
batting  the  weed. 

It  has  been  shown  that  bean  plants  readily 
absorb  the  radioactive  2,4-D,  and  radioactivity 
has  been  found  in  the  various  parts  of  the  plant. 
This  absorption  into  edible  plants  is  important, 
of  course,  because  of  possible  effects  on  the 
plant  and  on  persons  who  eat  the  beans.  In  a 
continuation  of  the  study,  two  radioactive  com¬ 
pounds  in  addition  to  unchanged  2,4-D  were 
found  in  an  extract  of  the  stems  of  bean  plants 
treated  with  labeled  2,4-D.  This  led  to  further 
work  on  metabolism  of  2,4-D  in  2,4-D  resistant 
plants  and  to  studies  of  the  absorption  and 
metabolism  of  radioactive  2,4-D  by  crops 
such  as  corn  and  wheat. 

Plant  Diseases  and  Fungicides 

Plant  diseases  cause  an  estimated  annual 
agricultural  loss  of  approximate!}’  $3  billion. 
Old  as  well  as  new  diseases  sweep  the  country 
from  time  to  time. 

Some  plant  diseases  are  annihilating.  Cereal 
rust  may  destroy  up  to  two-thirds  of  the  crop 
of  wheat  and  oats  in  extensive  areas.  Potato 
blight  can  almost  completely  destroy  potatoes 
in  the  field  or  in  storage.  Many  other  diseases 
are  debilitating  or  disfiguring.  They  may  cause 
pealing,  root  rot,  wilt,  scab,  and  various  other 
disorders.  Most  plant  diseases  are  insidious 
because  of  the  relative  invisibility  of  the  disease 
organisms. 

Radioisotopes  are  of  great  value  in  studying 
plant  diseases  and  devising  means  for  their 
control.  Carbon  14  has  been  used  to  study 
metabolic  changes  in  tobacco  plants  induced  by 
virus  infections,  mealy  bug  wilt  of  pineapple, 
and  effects  of  the  virus  of  “little  cherry’’  dis¬ 
ease.  Sulfur  35  has  been  used  to  measure  the 
difference  in  absorption  of  sulfur  by  parasites 
and  the  host  in  plant  diseases  caused  by  fungi. 
Phosphorus  32  and  Calcium  45  have  been  used 
to  compare  absorption  and  movement  of  phos¬ 
phorus  and  calcium  in  pole-blighted  and  healthy 
western  pines. 

Wheat  stem  rust  and  most  other  rusts  can  be 
controlled  if  plants  can  be  dusted  often  enough 


with  sulfur.  But  to  ilust  70  million  acres  of 
wheat  in  the  United  States  witli  the  minimum 
amount  of  sulfur  that  would  be  effective  in 
years  wlien  weather  favors  rust  would  require 
nearly  2  million  tons  of  svdfur.  Cheaper 
fungicides,  therefore  are  bailly  needed  and 
radioisotopes  are  helping  to  find  them. 

Work  has  been  done  on  methods  for  tagging 
fungal  spores  with  radiocarbon.  The  effect  of 
radiocarbon  upon  the  growth  and  genetics  of 
the  tagge«l  organisms  also  has  been  investi- 
gate<l. 

In  testing  the  toxicity  of  chemicals  to  fungus 
sport's,  chemical  methods  of  determining  the 
quantity  of  uptake  by  the  spores  are  impractical 
because  of  the  minute  amounts  involvetl.  Witli 
the  availability  of  radioactive  isotopes,  quanti¬ 
tative  uptake  of  the  toxic  chemical  on  a  spore 
weight  basis  can  be  carried  out  quite  easily. 

Isotopes  also  make  possible  study  of  the 
relationship  of  several  toxicants  and  the  replace¬ 
ment  of  one  material  by  another  in  fungus 
spores.  Spores  of  various  species  were  found 
to  act  quite  differently  in  their  affinity  for 
various  toxicants. 

Other  types  of  plant  disease  studies  wdth 
radioisotopes  are  illustrated  in  Figure  22.  They 
are  concerned  with  the  proper  balance  of  normal 
metabolic  processes.  In  the  study  of  molyb¬ 
denum,  an  essential  mineral  for  plant  nutrition, 
it  can  be  determined  by  the  tracer  technique 
what  concentration  of  the  element  blocks  iron 
uptake  and  causes  chlorosis  (an  iron  deficiency) 
as  well  as  the  mechanism  of  the  block.  Since 
the  amounts  of  molybdenum  and  iron  involved 
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in  this  plant  disonh'r  uit  v(mv  small,  thn 
sensitivity  of  the  tracer  technique  is  of  particu¬ 
lar  advantage.  Iron  55  and  59  also  have  been 
used  to  follow  iron  metaholisin  under  conditions 
coiulucive  to  chlorosis. 

Radiation  Effects  and  Genetics 

The  science  of  radiation  genetics  may  have 
a  fundamental  effect  upon  agriculture  since  it 
offers  promise  of  tleveloping  new  strains  of 
hardy,  disease-resistant  plants.  Natural  muta¬ 
tions,  or  changes  in  the  germ  cells  wliich  trans¬ 
mit  inherited  characteristics,  occur  spontane¬ 
ously  although  at  a  very  slow  rate.  Ionizing 
radiation  causes  them  to  occur  much  faster. 

Early  genet  ical  studies  used  X-rays  and  ra- 
ilium,  but  the  work  was  on  a  limited  scale. 
Reactor-produced  radioisotopes  provide  the 
geneticist  with  new  tools  that  greatly  facilitate 
plant  breeding. 

With  better  radiation  sources,  radiation 
genetics  is  being  studied  from  two  different 
points  of  view.  The  first  approach  is  designed 
to  give  a  better  understanding  of  tlie  science  of 
radiation  genetics  and  consequently  of  genetics 
itself.  The  secoml  is  a  much  more  practical 
approach  to  the  use  of  radiation  for  the  solu¬ 
tion  of  specific  agricultural  problems. 

By  means  of  fundamental  studies,  plant 
scientists  have  been  able  to  define  accurately 
tbe  way  in  which  radiation  should  be  given  to 
a  plant,  the  biological  conditions  which  must 
be  fulfilled,  the  type  of  radiation  to  use,  the 
results  that  may  be  expected,  as  well  as  a  great 
many  other  factors  necessary  for  an  intelligent 
approach  to  the  problem. 

Such  fundamental  studies  have  produced 
evidence  that  some  radiation-induced  muta¬ 
tions  are  desirable  changes.  As  a  direct  result 
of  these  studies,  scientists  recently  have  applie<l 
their  findings  to  the  solution  of  specific  agri¬ 
cultural  problems.  One  of  the  most  spectacular 
of  these  results  is  the  development  of  rust 
resistant  oats  by  means  of  neutron  irradiation. 
After  only  one  and  one-half  years,  a  small 
amount  of  rust  resistant  oat  seeds  was  obtained. 
Conventional  plant  breeding  methods  might 
have  taken  10  years  to  produce  this  result,  at 
considerably  greater  expense. 

Disease  resistance  is  by  no  means  the  only 


desirable  charact«>rislic  wliich  can  be  iiuluced 
by  radiation.  The  nu)st  striking  example  so 
far  of  the  iiuluetion  of  other  eharaeteristies  is 
illustrated  by  work  in  North  Carolina.  Irrailia- 
tion  has  produced  peanut  plants  which  hav(> 
about  ;il)  percent  higher  yield  per  acre,  a  size  and 
siiape  better  adaptial  to  mechanical  harvesting, 
and  better  resistance  to  common  leaf  spot 
diseases. 

Attempts  are  also  being  madt'  to  devidoj) 
shorter  corn  plants  which  provide  a  gi'eater 
yiehl  of  grain  per  stalk.  In  Nebraska  there  is 
a  program  to  develop  a  winter  hardy  bailey. 

Many  important  crops,  such  as  apples,  are 
not  normally  propagated  by  seeds  but  are 
reproiluced  by  means  of  branch  grafts.  .Several 
types  of  plants  and  vdiu's  are  being  giown  in 
gamma-ray  exposure  fields.  Branches  are  re¬ 
moved  from  time  to  time  and  grafted  to  normal 
host  plants  in  radiation-free  areas.  It  is  ex¬ 
pected  that  tlu'se  will  produce  many  abnormal 
branches  bearing  new  types  of  fruit. 

Nature  continues  to  produce  new  and  viru¬ 
lent  strains  of  plant-disease  organisms.  Radio¬ 
isotopes  have  proved  to  be  very  useful  in 
determining  the  potetitial  virulence  of  some 
types  of  fungi.  This  is  done  by  exposing  a 
disease  fungus  to  radiation  in  order  to  spei'd  up 
the  natural  mutation  rate.  In  this  way  it 
is  possible  to  gain  some  insight  into  what  types 
of  new  diseases  may  occur  naturally  in  the 
future. 

The  degree  to  which  plant  disease  can  be* 
overcome  will  depend  on  how  well  possible 
future  diseases  are  understood.  Thus,  much 
basic  research  is  required  and  in  many  cases 
radioisotopes  provide  the  only  key. 

Moisture  Distribution  and  Cloud  Seeding 

Droughts  have  a  vital  economic  ett’ect  upon 
agriculture.  Any  new  information  about 
weather  in  general  and  rainfall  in  particular 
is  of  great  importance  to  the  farmer.  The 
v'lTsatility  of  the  radioisotope  technique  has 
matle  it  a  useful  new  tool  in  this  field. 

For  most  efficient  use  of  natural  precipitation, 
particularly  in  w'cstern  states,  it  is  helpful  to 
know  the  amount  of  precipitation  both  as  it 
falls  and  as  it  is  stored  in  snow  packs  in  the 
mountainous  areas.  Without  this  informa- 
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tion,  proper  prepurutions  cannot  be  nunb*  to 
store  a  portion  of  tin'  water  in  laki's  and  res«*r- 
voirs  for  later  use  when  it  is  most  urf'cnlly 
needed,  CominitnuMits  for  irripition  staler 
supplies  as  well  as  liytlroeh'etrie  current  are 
made  on  tin*  basis  of  snow  measurements. 

Snow-survey  and  precipitation-pape  data 
give  only  limited  information  be<-ause  of  the 
inaccessibility  of  many  important  watersheds 
durinp  the  winter  months.  However,  tin*  use 
of  radioi.sotop(>s  allows  ndiable  and  econoinii-al 
methods  for  measurinp  and  telemetering  in¬ 
formation  on  the  amount  of  water  stored  in 
mountain  snow  packs.  A  snow  gage  utilizing 
Cobalt  (50  has  be<‘n  developed  and  integrated 
with  a  tehunetering  system.  'I'he  ajiplication 
is  illustrated  in  Figure  2:5. 

RADIOACTIVE  COBALT  -  Co 60 
roi  MiAsuiMC  wan  coimiiT  or  snovfau 
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Radiosilver  has  been  used  to  study  cloud 
seeding,  which  had  undergone  extensive  testing 
as  a  means  of  artificially  producing  rainfall. 
The  experiments,  conducted  in  Oklahoma, 
employed  Ag  111  in  proper  combination  with 
stable  silver  iodide  for  introduction  into  the 
atmosphere.  The  tagged  Agl  crystals  were 
used  to  trace  the  concentiation  and  distribu¬ 
tion  of  such  crystals  in  the  atmosphere  bo  a 
vertically  and  horizontally  and  under  specific 
atmospheric  flow  conditions.  The  precipita¬ 
tion  believed  to  have  been  induced  was  ana¬ 
lyzed.  This  more  accurate  method  of  measuring 
gave  knowledge  of  Agl  concentration  and 
distribution  in  the  atmosphere  and  in  possible 
precipitation  from  seeded  clouds. 

Radioactive  rubidium  has  been  used  on 
Hawaiian  sugar  plantations  to  study  water 


tlow  and  distribution  during  irrigation.  In 
s«‘Veral  li«-ld  t»‘sts  water  inflow  measured  by 
the  rubidium  technicpie  agreed  very  closely 
witli  water  measured  l)y  Marshall  flumes. 
'I'hc'se  tests  are  |)oitititig  out  wnaiknesses  in  the 
present  system  of  timing  water  (low  and  volimu' 
of  watc'f  u.sed.  With  fuller  data,  change's  in 
irrigation  methods  can  be  scheduled  to  obtaiti 
u  bc'tter  elistribution  of  wate-r. 

('obalt  (50  and  C’esium  1:57  are  beitig  used 
also  as  source’s  of  gamma  rays  for  nie'asuring 
soil  moisture  em  Hawaiian  sugar  plantations. 
There'  are  obvious  advantages  in  having  abso¬ 
lute  moisture  value's  continuously  available 
without  disturbing  the  soil.  Re’adings  cati 
be'  take’ll  at  se’ve'ral  sle’ps  ae-ross  the’  main  reiot 
syste’in. 

(Vsium  i;57  is  being  use’el  in  a  eh’taih'el  study 
of  the  relation  of  soil  water  to  photosynthesis. 
Plxpe’riments  are  being  carried  out  with  potte'd 
plants  and  the  soil  meiisture  is  measured  by  the 
gamma-ray  method.  'Phe  tops  of  the  plants 
are  seah'd  in  gla.ss  chambers  so  that  the  rate  of 
uptake  of  carbon-dioxide  from  the  air  can  be 
followed  continuously.  Exact  time  relations 
betweeti  plant  wilting  anti  photosvnthesis  are 
being  sought. 

Studit's  of  efficient  use  of  fertilizer  also 
have  provided  information  on  moisture  avail¬ 
ability  to  plants.  Tagged  fertilizer  placement 
studies  indicate  the’  time  and  depth  at  w’hich 
supplemental  irrigation  is  most  required.  Sueh 
irrigation  is  important  in  production  of  high- 
acre-value  flops  such  as  teibacco,  even  in  areas 
of  high  annual  rainfall. 

Root  Growth 

To  achieve  higher  yieltls  from  plants,  a  betle'r 
unelerstanding  of  root  systeuns  anel  their  rate  of 
growtli  is  important.  An  insight  into  this  im¬ 
portant  aspe'ct  of  plant  growth  is  gaineal  during 
fertilize'r  uptake  and  soil  fertility  studies  with 
radioisotopes. 

For  e'xample,  tracer  studies  show  that  corn 
plants  which  have  extensive  root  systems  eluring 
maximum  grow'th  cannot  get  a  major  share  of 
(he  phosphorus  from  a  surface  applii’ation  made 
at  planting  time.  The  roots  are  predominantly 
below  the  plow'  depth  when  the  corn  is  maturing. 
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Therofore,  radioisotopes  show  that  tiie  crop 
feeds  largely  on  phosphorus  already  in  the  soil. 

Other  interesting  points  observed  in  tracing 
fertilizer  include  the  comparatively  shallow 
feeding  of  cotton  plants  and  the  heav\'  uptake 
of  nutrients  from  immediately  beneath  the 
peanut  plant  duritig  the  first  7  weeks  of  growth. 
Research  of  this  kind  is  leading  to  a  better  un¬ 
derstanding  of  tbe  volume  of  soil  utilized  by 
various  crop  plants.  In  the  soils  of  the  South¬ 
east,  which  are  naturally  low  in  fertility,  plants 
are  usually  e.xpeeled  to  subsist  on  nutrients 
supplied  in  the  top  6  inches,  or  plow  depth.  It 
may  be  possible  to  raise  the  ceiling  on  yields  by 
providing  a  deeper  zone  of  nutrients  more  in 
keeping  with  the  needs  of  tlie  plant.  If  heavj- 
rooting  could  be.  induced  in  a  number  of  crop 
plants  to  the  depth  of  one  additional  foot,  the 
bad  effects  of  relatively  brief  droughts  would  be 
materially  reduced. 

In  studies  of  root  system  growth  radioactive 
phosphorus  was  placed  in  the  ground  at  various 
depths  and  positions  around  the  base  of  the 
plants.  The  appearance  of  radioactivity  in  a 
plant  indicated  that  roots  had  reached  the  fer¬ 
tilizer  and  permitted  making  a  detailed  pattern 
of  root  growth  as  the  plant  grew.  Information 
was  obtained  on  how  much  each  zone  of  the 
root  system  <'ontributed  to  the  phosphorus 
nutrition  of  the  plant. 

Radioisotopes  will  certaiidy  play  a  prominent 
role  in  further  fundamental  research  on  rooting 
characteristics  in  relation  to  soil  properties. 

Photosynthesis 

Photosynthesis  is  the  process  tlu'ough  which 
green  plants  make  food  out  of  air,  water,  and 
the  radiant  energy  from  the  sun.  It  was  not 
until  1940  that  any  thing  definite  was  shown 
about  the  role  of  water  in  the  process.  Oxygen 
was  known  to  be  evolved  but  its  source  was  in 
considerable  doubt.  At  that  time,  scientists  in 
California,  using  water  labeled  with  stable 
Oxj'gen  18,  definitely  established  water  as  its 
source 

Scientists  in  England  were  successful  in 
determining  the  next  major  stage  in  photo¬ 
synthesis.  It  was  found  that  if  the  leaves  of  a 
plant  were  ground  up,  and  thereby  the  process 


of  photosynthesis  as  a  whole  destroyed  in  tin* 
plant,  the  individual  bits  of  green  coloring 
matter  from  the  plant  would  still  carry  out  the 
reaction  of  evolution  of  oxygen  and  transfer  of 
hydrogen  when  placed  in  water  and  subjected 
to  sunliglit. 

In  1946,  when  Carbon  14  became  available 
in  large  quantities  from  Oak  Ridge,  researchers 
at  a  score  or  more  univei-sities  began  investigat¬ 
ing  the  chemical  reactions  of  carbon  dioxide 
after  hydrogen  is  transferred  info  the  system. 
This  work  led  eventually  to  the  discovery  of 
later  steps  in  the  process. 
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Figure  24. 

As  in  many  life  processes,  the  steps  in  photo¬ 
synthesis  are  very  rapid;  many  compounds  may 
be  formed  in  a  few  seconds.  Through  the  use 
of  radioactive  isotopes,  as  illustrated  in  Figure 
24,  these  dynamic  life  processes  were  unraveled. 
The  successful  discovery  of  the  intermediate 
steps  in  photosynthesis  was  reported  to  the 
American  Association  for  the  Advancement  of 
Science  at  the  close  of  1954. 

ANIMAL  STUDIES 

Tracer  studies  in  animal  nutrition  and  animal 
physiology  are  similar  in  many  ways  to  those 
in  plant  physiology.  They  cover  a  wide  variety 
of  interest.  The  problems  and  approaches  are, 
also,  very  similar  to  those  involved  in  the  ex¬ 
tensive  use  of  isotopes  in  the  studies  of  human 
plyysiology  and  metabolism.  As  a  matter  of 
fact,  animal  studies  must  often  serve  as  a  basis 
for  application  to  human  beings.  A  major 
portion  of  tbe  radioisotope  applications  in  the 
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animal  husbandry  field  have  been  concerned 
with  metabolism  studies  in  poultry,  cattle,  and 
sheep. 

Micronutrients 

Radioisotopes  are,  uniquely  valuable  for 
studying  mineral  metabolism,  especially  the, 
extremely  minute  quantities  of  certain  essential 
elements  called  micronutrients.  Perhaps  the 
best  known  and  most  striking  of  such  studies  is 
concerned  with  cobalt  metabolism  in  the, 
ruminant.  Cattle  and  sheep  require  between 
0.04  and  0.07  parts  per  million  of  cobalt  in  their 
diet,  whereas  simple-stomached  animals  such 
as  horses,  hogs,  and  rabbits  have  much  lower 
requirements.  Chemical  studies  of  such  low 
concentrations  are  e-xtremel}^  difficult.  How¬ 
ever,  the  problem  easity  lends  itself  to  the  tracer 
technique,  which  also  permits  the  investigator 
to  follow  the  metabolic  path  of  the  element. 

Vitamin  B-12  is  known  to  be  essential  in 
minute  quantities.  Since  the  vitamin  B-12 
molecule  contains  cobalt,  it  was  suspected 
rather  early  that  cobalt  deficiency  in  cattle 
and  sheep  was  actually  a  B-12  deficiency.  By 
oral  administration  of  radiocobalt  it  has  been 
confirmed  that  vitamin  B-12  is  synthesized  in 
the  rumen  of  cows  and  sheep  and  that  oral 
administration  is  the  most  effective  way  to 
provide  cobalt  to  animals  deficient  in  this 
mineral. 

Prior  to  work  with  radiomolybdenum,  it  had 
been  assumed  that  molybdenum  was  essential 
for  plants  but  not  for  animals.  In  recent  work 
in  Tennessee,  radiomolybdenum  was  given  to 
dairy  cows.  One  of  the  important  body  en¬ 
zymes,  with  radioactive  molybdenum  incoiTJO- 
rated  into  the  molecule,  was  then  isolated  from 
milk,  showing  that  molybdenum  is  a  part  of 
this  important  enzyme. 

Recent  research  with  Sulfur  35  has  shown 
that  the  amino  acids,  cystine  and  methionine, 
are  synthesized  by  sheep  and  cattle  from 
radioactive  inorganic  sulfate  administered 
orally.  In  a  rather  surprising  development,  it 
was  shown  that  the  chicken  also  could  synthe¬ 
size  the  amino  acid,  cystine,  from  inorganic 
sulfate.  Since  cystine  can  partially  replace 
methionine  in  the  diet,  inorganic  sulfate  may  be 


considered  an  important  and  clieap  nutritional 
mineral  even  for  nonruminants. 

Radioactive  sulfur  is  being  used  in  Wyoming 
to  study  selenium  poisoning,  an  extremely 
important  problem  since  many  areas  in  western 
states  are  unused  because  of  high  selenium 
content  in  tbe  soil.  Selenium  is  taken  up  by 
plants  aiul,  when  consumed  by^  animals,  has 
many  toxic  effects.  Sulfur  metabolism  was 
shown  to  be  affected  by  the  ingestion  of  sele¬ 
nium.  The  latter  is  believed  to  interchange  with 
sulfur  in  important  amino  acids,  thus  making 
them  unavailable  to  the  body.  Through  such 
studies  a  better  insight  is  being  gained  on  the 
mode  of  action  of  selenium. 

Other  studies  include  the  use  of  radiophos¬ 
phorus  to  investigate  the  metabolic  relation  of 
phosphorus  with  iron,  cobalt,  copper,  and 
molybdenum  in  larger  animals.  Mineral  me¬ 
tabolism  in  animals  such  as  rabbits,  chickens, 
swine,  and  cattle  has  been  studied  with  the 
following  radioisotopes:  Cesium  134,  Phos¬ 
phorus  32,  Sulfur  35,  Calcium  45,  Iron  55, 
Cobalt  60,  Copper  64,  Zinc  65,  Strontium  89, 
Molybdenum  99,  Iodine  131,  and  Tantalum  182. 

Use  of  Organic  Metabolites 

Radioisotopes  have  found  such  extensive  use 
in  investigating  organic  and  biochemical  proc¬ 
esses  in  animals,  as  shown  by  the  large  number 
of  papers  listed  in  Appendix  V,  that  only  a  few 
of  the  noteworthy  applications  will  be  briefly 
discussed. 

In  several  Southern  states  many  better  breeds 
of  cattle  do  not  thrive  well  because  they  are 
unable  to  adapt  to  high  temperature  and 
humidity.  Several  groups  have  conducted  ex¬ 
periments  in  which  animals  with  high  heat 
tolerance,  such  as  the  Sindhi  and  Brahman, 
are  crossed  with  other  breeds  in  an  attempt  to 
develop  animals  with  both  heat  resistance  and 
high  productivity.  Prior  to  the  use  of  radio¬ 
isotopes,  it  was  difficult  to  evaluate  the  ability 
of  an  animal  to  withstand  high  environmental 
temperatures.  The  more  heat-resistant  ani¬ 
mals  are  believed  to  adapt  themselves  to  high 
temperatures,  at  least  in  part,  by  a  depression 
in  activity  of  the  tliyroid  gland. 

Scientists  in  Missouri  have  injected  radio¬ 
active  iodine  into  animals  exposed  to  various 
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tempt'iaturos  tuul  tiien  inoasiiml  tlie  uptake*  of 
iodine  by  the  tiiyroid  with  a  counter.  These 
studies  are  leading  to  a  better  understamling 
of  thyroid  depression  and  heat  resistance,  ami 
are  helping  to  identify  animals  with  more  than 
average  heat  resistance.  The  selected  animals 
are  used  in  breeding  more  heat-resistant  cattle. 
Efforts  are  also  being  made  to  use  similar  tech¬ 
niques  for  prediction  of  performance  potential 
in  the  young  animal. 

In  the  above  section  on  micronutrients,  the 
synthesis  of  amino  acids  from  tagged  inorganic 
sulfate  was  discussed.  These  same  observa¬ 
tions  suggested  that  only  the  growing  feather's 
of  chickens  take  up  methionine  and  cystine  ami 
that  there  is  no  exchange  of  these  amino  acids 
in  the  feather's  with  those  in  the  body.  The 
work  also  demonstrated  that  growth  takes  place 
only  from  the  base  of  the  feather.  The  gr'owth 
of  wool  and  the  growth  of  feathers  have  much 
in  common,  so  that  radioactive  sulfur  also  offei-s 
excellent  opportunities  for  the  study  of  wool 
growth  and  the  effect  of  nutr'itiorr  upon  the 
growth  of  wool  fiber. 

By  injecting  cows  with  substances  containing 
radioactive  carbon  and  then  measuring  the 
radioactivity  of  expired  car'bori  dioxide  aird 
various  milk  substances,  investigator's  can  estab¬ 
lish  the  rate  at  which  organic  metabolites  are 
broken  down  within  the  body  and  the  extent 
to  which  the  carbon  in  them  contributes  to 
formation  of  milk  substances.  The  serrsitivity 
of  Carbon  14  as  a  tracer  is  illustrated  in  Figure 
2o. 
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Physiological  Availability  of  Diet  Addi¬ 
tives 

Radioactive  tracer  s  are  used  in  a  wide  variety 
of  ways  to  study  the  physiological  availability 
of  diet  additives.  Pr  ior  to  thr*  advent  of  radio¬ 
isotopes  for  followirrg  <*omplicatetl  borly  pr'oe- 
esses,  very  little  iirformatiorr  on  this  irnportairt 
aspect  of  attimal  rurtritiorr  was  krrown. 

Converrtional  foorl  balatrce  studies  give  irrfor'- 
rnatiorr  orrly  ort  irrtake  arrd  loss  of  rrutrierrts 
fr'om  the  body.  Although  excreta  from  animals 
corrtairr  materials  that  have  not  beert  absorbed, 
they  also  corrtairr  mater'ial  which  have  beerr 
absorbed  from  the  alimentar'y  tract  and  stibse- 
querrtly  excreted.  This  fact  lorrg  irrterfered 
with  estimatiorr  of  the  true  digestion  coefficierrt 
for  f('('d  materials,  urrtil  the  irrtroductiorr  of 
radioisotopes  per'mitterl  identification  of  the 
SOI  me  of  excreted  elemerrts.  Sitch  urrcer'tairrty 
about  miner-al  absorptioir  is  in  corrtrast  to  or- 
garric  rrutrierrts,  sirree  the  digestibility  of  these 
cart  usually  be  measured  with  accuracy  by 
analysis  of  feed  arrd  feces.  Wlrerr  orgarric  iru- 
trients  are  absorbed  into  the  body  from  the 
digestive  tract,  they  are  brokerr  dowrr  arrd  not 
ree.xcreted  intact  irrto  the  girt.  Tennessee  and 
California  scierrtists  liave  succeeded  in  makirrg 
defirrite  separations  of  eirdogenous  (body)  and 
exogenous  (feed)  calcium  and  phosphorus  itr 
the  feces.  Similar  studies  have  been  extended 
to  the  egg,  the  fetus,  arrd  milk,  making  possible 
a  clearer  urrderstanditrg  of  the  relative  contribu¬ 
tion  of  the  feed  arrd  body  to  each  of  these. 
This  type  of  study  is  leadirrg  to  a  clearer  under¬ 
standing  of  the  impor  tant  pr-ocesses  of  nutritiorr. 

It  has  beert  lorrg  thought  that  the  digestibility 
of  the  phosphonts  of  alfalfa  ha\'  for  lambs  was 
low,  about  20  percerrt.  This  suppositiorr  is  cotr- 
tradicted  by  rccerri  studies  made  in  California. 
The  radioisotope  tracer  techtrique  showed  the 
tnre  figitre  to  be  about  90  percent.  Thus, 
alfalfa  was  proved  art  excellent  source  of  phos¬ 
phonts  for  the  feeding  of  ruminarrts. 

These  procetlures  have  ernjrhasized  the  dy- 
iramic  eqrtilibriitm  of  all  elemerrts  within  the 
animal  body,  and  have  made  possible  a  new 
approach  to  determirring  body  rcquiremeirts  of 
farm  animals  based  orr  true  rligestibility  of 
feed  rrirtrients. 
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Biochemistry  of  Body  Processes 

For  investigating  the  biochemistry  of  body 
processes,  radioisotopes  provide  tools  with 
practically  unlimited  possibilities.  The  work 
accomplished  in  this  field  on  both  laboratory 
and  e.xperimental  animals  is  quite  e.xtensive, 
as  indicated  bv  Appendix  V.  (See  secs.  J  and 
K.) 

A  great  deal  of  research  has  been  carried 
out  with  the  dairy  cow  because  of  its  importance 
as  a  provider  of  food.  Much  of  this  researcli 
has  been  done  with  the  object  of  evaluating 
feed  in  relation  to  milk  formation. 

In  the  rumen  of  the  cow,  carbohydrates  in 
the  form  of  both  starch  and  cellulose  as  well 
as  proteins  are  acted  upon  by  microorganisms 
and  are  broken  down  into  small  molecules. 
Radioisotopes  show  the  principal  end  prod¬ 
ucts  to  be  acetic  acid,  propionic  acid,  and 
butyric  acid.  These  are  absorbed  in  the 
bo<ly  for  metabolic  processes.  Acetic  acid  is 
built  into  the  body  fats  and  other  substances, 
used  for  energy,  and  converted  into  milk  fats. 
Propionic  acid  is  converted  into  liver  glycogen, 
and  butjTic  acid  appears  to  be  converted  pri¬ 
marily  into  beta-hydro.xybutyric  acid.  Knowl¬ 


edge  of  siH-h  processes  is  extremely  important 
in  improving  milk  production. 

When  acetic,  propionic,  and  butyric  acids 
containing  radioactive,  carbon  were  injected 
into  cows,  it  was  notetl  that  17  percent  of  the 
radioactivity  from  the  iivot'w  acid,  11  percent 
from  propionic  aci<l,  and  b  percent  from  butyric 
acid  appeared  in  the  milk,  thus  giving  their 
efficiency  of  transformation  into  milk.  VV'hcn 
glucose  containing  radioactive  carbon  was  in¬ 
jected  into  the  cow,  56  percent  of  the  radio¬ 
active  carbon  appeared  in  tlie  milk.  By  ana¬ 
lyzing  the.  milk  and  stutlying  the  amount  of 
activity  found  in  each  milk  component  it  was 
shown  which  milk  substances  arise  from  acetic 
acid,  propionic  acid,  glucose,  and  butyric  acid. 
Such  studies  also  suggest  pathways  by  which 
biochemical  transformations  take  place. 

In  a  similar  study,  illustrated  in  Figure  26, 
radioactive  glucose  pumped  through  an  udder 
by  an  artificial  heart-lung  apparatus  has  shown 
that  all  of  the  activity  goes  into  milk  sugar 
and  practically  none  to  other  milk  components. 
These  studies  show  that  glucose,  when  injected 
into  the  cow,  is  converted  into  substances  such 
as  fat  and  protein,  which  then  are  carried  to 
the  udder  by  blood  and  converted  into  milk 


Figure  26. 
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components.  A  considerable  amount  of  the 
glucose  also  passes  directly  to  the  udder  and 
is  converted  into  milk  sugar.  By  the  use  of 
an  artificial  cow  and  radioactive  glucose  it  has 
been  possible  to  show  that  the  udder  itself 
utilizes  glucose  for  milk  sugar  production  only. 

Information  on  milk  forming  reactions  is 
showing  the  way  to  improved  milk  production 
in  individual  animals,  tlie  choice  of  economic 
feeds,  belter  management  practices,  and  clioice 
of  better  stock  for  breeding. 

Animal  Diseases 

Economic  considerations  often  operate 
against  using  domestic  animals  to  stud}'^  dis¬ 
eases  which  affect  them.  Large  tlomestic 
animals  must  be  given  si  eable  quantities  of 
radioisotipes  for  investigational  purposes,  and 
their  use  creates  special  radiological  safety 
problems.  Results  of  work  with  small  animals, 
such  as  rats,  often  can  be  extrapolated  to  larger 
animals. 

However,  certain  specific  problems  must  be 
investigated  in  the  particular  animal  of  interest. 
In  many  such  studies,  radioisotopes  provide 
the  best  or  perhaps  the  only  approach  to  the 
problem.  The  following  examples  illustrate 
some  of  the  applications. 

In  Maryland,  radioisotopes  have  been  used 
in  work  on  ketosis  in  dairy  cattle.  Ketosis  is 
caused  by  a  hormonal  deficiency  that  brings 
on  a  breakdown  in  the  body  ’s  system  of  normal 
checks  and  balances.  It  has  been  shown  that 
the  hormone  ACTH  can  be  effective  in  its 
treatment.  In  other  studies  on  bloat  in  sheep 
and  cattle,  a  condition  that  results  in  losses 
amounting  to  millions  of  dollars,  the  use  of 
radioisotopes  is  being  planned  as  the  most 
direct  and  profitable  approach  to  a  solution. 

Strontium  90  beta-ray  applicators  have  been 
used  for  treating  infections  of  the  eyes  and  skin 
in  farm  animals.  Valuable  breeding  bulls  with 
eye  cancer  have  had  their  usefulness  prolonged. 

Chromium  51  and  Phosphorus  32  have  been 
used  in  labeling  the  virus  which  causes  erythro- 
granuloblastic  leucosis  of  fowls,  and  also  a 
low-virulent  strain  of  Newcastle  disease  virus 
of  fowls.  Cases  of  neural  lymphomatosis  and 
visceral  lymphomatosis  in  fowls  have  been 
treated  with  Phosphorus  32. 


Radiation  Effects,  Reproduction,  and 
Genetics 

Radioisotopes  have  been  used  extensively  in 
specialized  studies  of  experimentally  protluced 
radiation  sickness  in  animals.  Perhaps  the 
most  noteworthy  are  the  stvulies  of  response  of 
farm  animals  to  radiation  in  which  noiinal 
animals  were  subjected  to  lethal  and  sublethal 
amounts  of  radiation  from  Cobalt  (iO.  .Such 
studies  have  provided  vital  information  on 
survival  rates,  physiology  and  pathology  of 
irradiation,  ability  to  perform  work,  and  food 
potential  of  various  farm  animals  in  case  of 
atomic  disaster. 

In  other  studies,  uptake  and  retention  of 
fission  products  in  farm  animals  has  provided 
useful  information  on  the  extent  of  radiation 
damage  caused  by  these  materials. 

Radioisotopes  are  used  in  investigating  im¬ 
portant  problems  of  placental  transfer  and 
deposition  of  elements  in  the  developing  fetus. 
'Phese  studies  were  pefoimed  on  cattle  because 
their  body  size  allows  more  detailed 
study  of  skeletal  deposition  and  placental 
permeability. 

'I'he  principles  of  genetics  are  believed  to  be 
universal  from  bacteria  to  man.  Extensive 
studies  of  the  genetic  effect  of  radiation  are 
being  made  with  laboratory  animals  such  as 
mice.  Information  gained  in  these  studies  will 
provide  data  necessary  for  an  attempt  to  pro¬ 
duce  beneficial  mutations  in  animals.  Animal 
scientists  hope  that  such  mutations  will  result  in 
increased  economy  in  nutrition  and  in  resistance 
to  disease.  Poultry  raisers  are  using  radiation 
in  an  attempt  to  produce  genetic  chang(''<  lead¬ 
ing  to  increased  egg  production. 

INSECT  STUDIES 

The  number  of  species  of  insects  and  related 
arthropods  are  known  to  approach  one  million. 
The  destructive  and  l)eneficial  activities  of  these 
small  creatures  often  detei-mine  the  economic 
and  social  level  of  man’s  existencf*.  Destruc¬ 
tion  of  crops  by  the  corn  borer  and  several 
species  of  grasshoppers  is  an  annual  problem. 
Mosquitoes,  house  flies,  and  other  insects  spread 
both  human  and  animal  disease. 
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In  the  Unit<‘<l  States  alone,  it  has  been  esti¬ 
mated  that  inseets  cause*  damage  of  over 
billion  dollars  annually.  Methods  of  control¬ 
ling  destructive  insects  gc'iierally  dc'pt'nd  on 
knowledge  of  the  life  histoiy  of  tin*  pest,  to 
find  a  susceptible  stage  in  the  life  <*vcle  of  the 
inseert  which  can  be  attacked  with  an  appro¬ 
priate  control  method.  Radioisotopes  are  help¬ 
ing  in  the  search  for  better  methods  of  control¬ 
ling  these  destructive  insects. 

Despite  the  destruction  and  annoyance* 
<*aused  by  most  insects,  many  an*  useful. 
'I'he  perpetuation  of  many  plants  r<*sults 
through  fertilization  by  insects.  In  addition 
to  the  honey  bee,  the  silkworm,  and  lac  insects, 
useful  insects  include*  preelateu’s  anel  parasite*s 
which  affect  the  balance*  of  nature  in  a  usually 
unnoticeel  fa.sbion.  lnsee*ts  are  useful  also  as 
expeiimental  animals  bee*ause  of  their  small 
size,  low  e'ost  of  n*aring  anel  mainte*nanee, 
and  high  rate  of  reproeluction. 

Sterilization 

Scientists  have*  utilized  gamma  rays  from 
radioisotopes  to  interfei’e  with  the  r(*proeluction 
cyejles  of  certain  insee*ts.  The  method  is  based 
on  sterilizing  large  populations  of  male*  insee  ts 
and  releasing  the*m  with  the  knowleelge  t  hat  the 
female  mates  only  one-e  a  year  anel  with  a  single 
male.  The  resulting  eggs  will  not  hatch, 
thereby  reelucing  the  population  in  the  next 
generation.  S.  Department  of  Agrie-ulture* 
scientists,  working  with  Dutch  authorities  on 
the  Caribbean  islanel  of  Curacao,  have  been 
able  by  such  metho<ls  to  nearly  eliminate 
screw  worm  flies,  whose  maggots  attack  live¬ 
stock.  Similar  action  in  the  United  States  has 
proved  very  effective.  I^osses  to  United  States 
cattlemen  from  this  pest  are  reported  to  total 
25  to  :f5  million  dollars  per  year. 

The  sterilization  technique  is  useful  only  for 
the  control  of  inset-ts  with  suitable*  mating 
habits,  and  cannot  be  applied  to  a  number  of 
insect  species. 

In  another  type  of  study,  .sci(*ntists  are 
devising  ways  for  combatting  the  pink  boll- 
worrn,  which  in  195.f  accounterl  for  a  $251, 000,- 
000  loss  to  the  United  .States  cotton  crop. 
Equipment  utilizing  radioisotopes  as  sources  of 


railiation  is  lecing  develo|)cd  to  kill  the  pink 
bollworm  in  cotton  seed  when  it  is  r(*nu)ved 
from  the  fibei-  at  the  cotton  gin.  Ordinarily 
|)art  of  such  seed  is  used  by  growers  for  pbinting 
the  following  year's  croi).  'riius,  if  hi  pink 
bollwortn,  which  thrives  in  l)Otb  the  seed  and 
the  plant,  is  carted  back  to  tlic  field  for  planting 
it  can  continue  its  damagi*  to  a  n(*\\  crop. 
Sources  for  such  radiation  units  may  be  obtained 
from  waste  fission  product  materials. 

Insecticides 

The  use  of  radioactive  insecticides  has  been  a 
rewarding  approach  to  the  study  of  absorption 
and  distribution  of  the  toxicants  in  insecticides, 
particularly  the  ones  that  are  systemically  taken 
into  plants.  Information  is  obtained  on  extent 
of  coverage  during  application,  duration,  sys¬ 
temic  action  within  the  plant,  uptake  by  the 
insect,  physiology  within  the  insect,  and  other 
factors.  Carbon  14  in  various  organic  com¬ 
pounds  has  been  most  wddely  used  in  such 
studies.  Iodine  131,  Sulfur  35,  and  other  radio¬ 
active  isotopes  have  been  used  to  a  lesser  extent. 

Comparing  the  amount  of  insecticide  ab¬ 
sorbed  by  resistant  and  nonresist  ant  strains  of 
insects  has  helped  to  explain  causes  of  resistance. 
Tracer  studies  in  Oregon  showed  that  a  particu¬ 
lar  type  of  mosquito  larva  with  acquired  resist¬ 
ance  absorbed  over  six  times  as  much  DDT  as 
the  same  variety  with  no  acquired  resistance. 
Mortality  of  resistant  larvae  was  74  percent  and 
of  nouresistant  larvae  was  94  percent. 

Some  of  the  most  important  insecticides  are 
also  toxic  to  mammals.  Sulfur  35-Iabelcd  para- 
thion  has  been  used  to  study  the  toxicity  of  this 
insecticide  in  rabbits.  Phosphorus  32  has  been 
used  in  the  study  of  parathion  in  cows  and  milk¬ 
ing  goats. 

In  Iowa,  work  has  been  done  on  measurement 
of  w'ireworm  reactions  to  soil  insecticides  by 
tagging  the  insects  with  radioactive  cobalt. 
The  technique  has  several  unique  and  important 
applications  to  the  study  of  soil-infesting  insect 
pests,  and  perhaps  to  other  destructive  insects 
such  as  stored  grain  pests  which  cannot  other¬ 
wise  be  trac(*d  in  their  movements  without 
disturbing  them. 
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Migration  and  Hibernation 

The  use  of  radioactive  isotopes  to  tao;  insects 
for  flight-range  measurements  has  be»‘n  most 
helpful  in  the  study  of  their  habits  of  migration 
and  hibernation.  Phosphorus  32  and  Stron¬ 
tium  89  are  the  radioisotopes  most  frequently 
used.  Study  of  the  ratio  of  tagged  to  untagged 
recaptured  mosquitoes  gives  valuable  clues  to 
the  productivity  of  breeding  areas,  and  thereby 
aids  in  control  activities. 

Flies  play  an  important  part  in  the  dissemi¬ 
nation  of  dysentery  and  typhoid,  and  possibly 
poliomyelitis.  Information  of  fly  movements 
is  essential,  therefore,  in  planning  field  control 
operations.  Fluorescent  dyes,  colored  dusts, 
and  chemical  agents  producing  color  reactions 
have  been  used  in  marking  adult  flics  for  dis¬ 
persion  studies.  Certain  mutant  strains  have 
been  employed  in  special  cases.  These  methods 
require  the  itispection  of  individual  insects. 
The  radioactive  tracer  technique  has  proved  to 
be  a  far  more  vei-satile,  quick,  and  accurate 
method  for  conducting  these  studies. 

Such  studies  established  that  the  major  por¬ 
tion  of  house  fly  dispersion  in  a  community  falls 
within  1  mile  of  the  release  point,  although 
movement  can  and  does  occur  up  to  distances 
of  2  to  7  miles. 

Radioisotope  tracer  studies  also  showed  that 
blow  flies  disperse  more  rapidly  and  to  greater 
distances  than  the  house  fly.  Since  blow  flies 


frequent  both  disease  sources  and  liuman  foods 
and  are  a  proven  carric'r  of  disease,  tlnur  <‘x- 
tended  dispcMsal  range*  increases  tlieir  |)otential 
health  liazard. 

Cockroaclies  sprayed  witli  radiophosphorus 
have  demonstrated  liow  the  spt>cies  can  invade 
homes,  evei\  passing  througl\  water  traps  in  the 
plumbing.  Sewer  cockroaches  were  used  in  one 
such  experiment.  The  results  showed  tliat  the 
insects,  which  are  potential  disease  carriers, 
migrate  as  much  as  200  feet  when  tliey  become 
overcrowdc'd  or  whc*n  forc'c'd  out  of  their  colonies 
by  backed-up  sewage. 


In  bee  culture  studii's  in  Wyoming,  radio¬ 
isotopes  are  bc'ing  usc'd  to  follow  the  spread  of 
honey  bee  diseases  by  cari*i»*is  between  colonies. 
Phosphorus  32  was  fed  in  sugar  syrup  to  a 
colony  of  honey  bec's  located  in  the  middle  of  a 
row  of  colonic's  in  an  apiary.  The  drifting  of 
be(*s  from  the  marked  colony  to  another  colony 
was  observed  in  relation  to  the  spread  of  one  of 
the  brood  diseases  of  bees,  known  as  foulbrood. 
The  drifting  of  tagged  bees  from  the  colony  that 
had  consumed  some  of  the  radioactive  sugar 
syrup  was  easily  followed  by  using  a  geiger 
survey  instrument  in  examining  the  other  colo¬ 
nies.  Radioactive  phosphorus  is  also  being 
used  in  Louisiana  to  follow  the  feeding  habits 
of  bees. 


Bee  Culture 


Physical  and  Chemical  Research 


It  was  through  tho  offorts  of  physicists  atid 
chemists  that  isotopes  were  (liscovere<l  a!i<i 
ultimately  produced  in  useful  quantities.  These 
scientists  soon  found  isotopes  to  be  very  im¬ 
portant  tools  in  many  of  their  fundamental 
research  problems.  As  tracers  for  pliysical  and 
chemical  processes  involving  individual  atoms 
and  molecules,  isotopes  havi-  no  equal. 

Isotopes  represent  one  of  tin'  great  ('.xtensions 
in  man’s  ability  to  “see”  and  to  “sort.”  At 
first,  things  could  be  seen  only  with  unaided 
eyes  and  sorted  out  only  with  hands.  Next, 

■  rnifying  glasses  and  small  twei-zers  were 
Later,  the  microscope  was  invented  to 
iner  details  and  chemical  and  physical 
processes  were  developed  to  sort  out  various 
elements,  compounds,  and  forms  of  life.  As  an 
“atomic”  microscope,  isotopes  now  take  man 
another  great  stride  forward  in  perception. 

Both  radioactive  and  stable  isotopes  are 
widely  used  in  physics  and  chemistry.  The 
statistical  data  on  shipments  of  the  two  kinds, 
given  in  tables  1  atul  4  of  Appendix  III,  do  not 
adequately  reflect  the  importance  of  stable 
isotopes.  L^nlike  the  radioactive  ones,  which 
must  be  used  while  still  “hot”  and,  in  most 
instances,  be  replaced  each  time  they  are  used, 
the  stable  variety  do  not  change  with  time. 
Once  obtained,  they  can  be  used  over  and  over, 
as  long  as  they  are  not  too  diluted  with  other 
isotopes  of  their  chemical  element  during  the 
experimental  procedures. 

PHYSICS 

Nuclear  physicists,  in  particular,  have  bene¬ 
fited  by  ready  availability  of  a  large  variety  of 
stable  and  radioactive  isotopes.  Even  though 
particle  accelerators  and  neutron  sources  allow 
the  physicist  to  produce  his  own  radioisotopes, 
a  handy  catalog  of  ready-made  ones  is  extremely 
valuable.  As  byproducts  of  nuclear  reactor 
operation  they  are  available  in  quantities  far 
larger  than  could  be  produced  in  a  cyclotron. 

Concentrated  stable  isotopes  have  been  even 
more  useful  in  nuclear  research  than  the  radio¬ 


active  species.  'I'hey  are  particularly  useful  as 
“purifieil”  nuclear  species  with  which  to  per¬ 
form  nuclear  reactions,  and  to  determine 
spin,  magnetic  moment,  and  other  nuclear 
properties  of  interest  to  the  physicist. 

Stable  isotopes  have  been  of  great  help  in  the 
discovery  and  identification  of  new  radio¬ 
isotopes.  Radioisotopes  arc  discovered  by 
tinding  a  new  half-life  and  energy  of  radiation 
and  then  obtaining  conclusive  evidence  that 
the  radiation  comes  from  a  particular  isotope 
of  a  particular  element.  In  most  cases,  a  stable 
atomic  nucleus  hit  by  a  nuclear  particle  is  con- 
verti'd  to  a  radioisotope  of  either  the  same  ele- 
nicni  or  one  of  its  very  near  neighbors  on  the 
Periodic  Chart.  Chemical  analysis  of  the 
target  material  then  reveals  which  element  is 
radioactive,  but  not  which  isotope  of  that  ele¬ 
ment.  However,  if  the  physicist  uses  a  single 
or  concentrated  isotope  to  start  with,  he  can 
usually  determine  which  isotope  was  formed 
from  it. 

The  bombarding  particle  most  often  used  in 
cyclotron  reactions  is  the  stable  deuteron,  the 
nucleus  of  double-weight  hydrogen,  or  deu¬ 
terium.  It  is  obtainable,  through  the  isotopes 
distribution  program,  as  a  gas  or  as  heavy  water, 
deuterium  oxide.  The  radioactive  nucleus  of 
triple-weight  hydrogen,  or  tritium,  is  also 
obtainable  and  used  as  a  bombarding  particle. 
Alpha  particles  are  obtained  as  the  nuclei  of 
helium  atoms,  while  Helium  3  particles  are 
obtained  from  the  decay  of  tritium. 

Concentrated  stable  isotopes  are  frequenth' 
used  as  target  material  for  the  production  of 
relatively  pure  radioisotopes  in  a  nuclear 
reactor.  Neutron  irradiation  of  natural  iron, 
for  e.xample,  produces  about  equal  activities  of 
Iron  55  and  Iron  59.  Either  of  these  can  be 
obtained  almost  free  of  the  other  by  irradiating 
iron  enriched  in  Iron  54  or  Iron  58,  respectively. 

Peculiar  characteristics  are  found  among  the 
hundreds  of  stable  isotopes  and  some  of  these 
have  proved  particularly  valuable  in  pure  form. 
Boron  10,  for  example,  has  an  especially  high 
probability  of  capturing  a  slow  neutron.  When 
capture  occurs,  B-10  converts  into  an  alpha 
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particle  and  a  lithium  nucleus,  both  with  high 
velocity.  This  special  property  makes  B-10 
useful  for  measuring  or  counting  neutrons. 
Slow  neutrons  usually  pass  through  a  geiger 
counter  without  being  counted,  but  a  coating 
of  Boron  10  in  the  counter  absorbs  a  large 
proportion  of  them.  The  resulting  particles 
from  the  B-10  trip  the  counter. 

Concentrated  stable  isotopi^s  have  also  proved 
useful  in  fundamental  studies  of  the  energy' 
states,  or  levels,  of  atoms  and  molecules. 
These  particles,  when  excited,  emit  visible 
light,  infrared  and  ultraviolet  light,  micro- 
waves,  or  X-rays.  All  are  the  same  kind  of 
radiation,  but  differ  in  enei^y  range.  These 
radiations  are  the  enei^y  released  when  the 
enei^y  content  of  an  atom  or  molecule  shifts 
to  a  lower,  more  stable  level.  The  spectro- 
scopist  can  determine  the  energy  states  from 
the  emitted  spectrum. 

Formerly,  much  of  this  work  was  indefinite 
because  the  weight  of  an  atom  affects  its  internal 
energy  to  a  small  extent  and  quite  decidedly 
affects  its  vibrational  energy'  in  a  molecule. 
In  ordinary  mercury,  for  example,  seven  differ¬ 
ent  weights  of  atoms  are  always  present  and 
give  slightly  different  spectra  which  blur 
together.  By  using  mercury  in  which  the 
isotope  Hg-202  has  been  electromagnetically 
enriched  from  its  natural  relative  abundance 
of  30  percent  to  98  percent  or  better,  the 
results  become  overwhelmingly  those  from  one 
kind  of  atom  and  are  quite  definite. 

The  wavelength  of  the  red  line  in  the  spectrum 
of  cadmium  was  long  ago  set  as  the  international 
standard  of  length.  Although  quite  precise  for 
most  purposes,  this  standard  suffers  in  being  a 
combination  of  slightly  different  lines  from  the 
cadmium  isotopes.  Therefore,  for  still  greater 
precision  in  laboratory  wavelength  comparisons, 
separated  isotopes  such  as  Cadmium  114, 
Copper  63,  and  Mercury  198  and  202  are  used 
as  spectrographic  sources.  Because  mercury 
is  so  easily  used  in  a  light  source,  its  enriched 
form  as  a  practicalh'  pure  isotope  has  been 
under  consideration  for  possible  replacement 
of  cadmium  as  a  primary  standard. 

Electromagnetically  separated  isotopes  have 
been  frequently  used  in  search  for  natural 
radioactivity  among  the  supposedly  stable  iso¬ 
topes.  When  natural  beta  radiation  from  indi¬ 


um  was  confirmed,  for  example,  a  sample 
enriched  at  Oak  Ridge  to  99.92  percent  Indium 
1 15  was  found  to  have  more  activity  than  normal 
indium,  thus  definilily  pointing  to  Indium  115 
as  the  radioactive  isotope. 

The  physicist,  also,  sometimes  employ  s  radio¬ 
isotopes  as  tracer  atoms.  Thicknesses  down  to 
a  trillionth  of  an  inch  are  measured  in  a  method 
for  calibrating  the  shadow-casting  technique. 
Specimens  to  be  viewed  in  an  electron  micro¬ 
scope  are  frequentlj'  sprayed  at  an  angle  with 
clmomiiun  or  other  heavy  metal  atoms  so  that 
“shadows”  are  formetl  which  reveal  var3ung 
depths  of  the  surface.  Atoms  are  evaporated  in 
vacuum  from  a  heated  metal,  as  indicated  in 
Figure  27.  The  resulting  film  must  be  thick 

DETERMINATION  OF  DEFOSIT  TNICINESS 
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Figurk  27. 

enough  to  produce  good  shadows  but  not  so 
thick  as  to  blur  details  of  the  specimen.  Thick¬ 
ness  of  film  laid  down  in  a  given  time  at  a  par¬ 
ticular  place  is  determined  by  a  test  run  with 
radioactive  metal.  A  standard  area  of  this  film 
is  measured  for  radioactivitj'^  with  a  counter. 
Solutions  containing  known  weights  of  the  same 
labeled  starting  material  are  dried  on  identical 
areas  and  are  counted.  Comparison  of  activ¬ 
ities  then  gives  the  weight  of  film,  for  conversion 
to  film  thickness. 

GENERAL  CHEMISTRY 

The  chemist  plan's  a  univeisal  role  in  techni¬ 
cal  endeavor.  His  investigations  into  funda¬ 
mental  chemical  phenomena  such  as  those  dis¬ 
cussed  here  form  the  basis  for  further  progress 
in  such  diverse  fields  as  medicine,  biology,  agri- 
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culture,  and  industry.  The  cause  and  cure  of 
disease,  the  action  of  drugs,  tiie  mode  of  action 
of  fertilizer  and  insecticides,  the  study  of  cell 
biochemistry,  and  a  host  of  industrial  processes, 
all  require  fundamental  knowledge  provided  by 
the  chemist. 

Chemistry  not  only  serves  as  the  basis  for  a 
number  of  the  unique  techniques  associated  with 
the  tracer  method  but  also  as  the  means  by 
which  tracer  products  are  separated  and  iden¬ 
tified.  Indeed,  the  isotope  tracer  method  de¬ 
pends  very  largely  on  chemistry. 

The  isotope  tracer  technique  derives  its  power 
from  its  great  sensitivity  and  specificity.  Sensi¬ 
tivity  is  primarily  concerned  with  the  detection 
and  measurement  of  radioactivity  and  hence  is 
not  the  primary  responsibility  of  the  chemist. 
Specificity,  on  the  other  hand,  depends  on  care¬ 
ful  separation  and  identification  procedures, 
which  are  chemical  techniques.  Further,  the 
final  radioactivity  measurements  in  a  tracer 
experiment  are  only  as  significant  as  the  precise¬ 
ness  of  the  techniques  used  to  separate  and 
identify  the  samples. 

The  chemist  has  had  to  devise  new  methods 
and  adapt  others  to  meet  tliese  strict  separation 
and  identification  prerequisites.  Those  most 
frequently  used  include  ion  exchange,  chromato¬ 
graphic,  and  isotope  derivative  techniques.  A 
brief  discussion  of  these  techniques  will  illustrate 
their  versatility. 

Separation  of  ionized  substances  bj'  ion  ex¬ 
change  is  probably  the  most  adaptable  method 
at  very  low  concentrations.  Ion  exchangers  are 
substances  which  are  insoluble  in  solvents  and 
aqueous  solutions  usually  employed  in  the  lab¬ 
oratory,  but  which  ionize  in  certain  solvents. 
Under  proper  chemical  conditions,  the  “charged” 
exchanger  is  extremely  selective  in  reacting 
with  ionized  substances  in  solution.  After  being 
selectively  absorbed,  the  separated  substance 
(isotope)  may  be  removed  from  the  ion  ex¬ 
changer.  This  is  one  of  the  few  methods  of 
separation  which  operates  more  eflficiently  when 
substances  are  present  at  very  low  concentra¬ 
tions  than  when  they  are  present  in  appreciable 
amounts. 

Paper  chromatography  has  proved  a  par¬ 
ticularly  useful  teclmique  since  it  permits 
separation  and  identification  to  be  made  in  the 
same  operation.  Movement  of  a  solvent  along 


a  strip  of  paper  causes  certain  molecules  to 
move  with  it,  usually  at  a  slower  rate.  Diffei- 
ent  compounds  (molecules)  move  at  different 
rates,  thus  permitting  separation  of  mixtures 
of  compoumls  in  the  chromatogram.  Identifi¬ 
cation  of  the  separated  compounds  may  then 
be  made  by  comparison  with  known  chromato¬ 
grams  or  by  a  combination  of  radiochemical  and 
microcliemical  techniques,  'rwo-dimensional 
paper  chromatography  has  been  introduced  into 
isotope  work  and  offers  the  advantage  of  a 
second  order  of  separation.  After  one  solvent 
has  caused  the  products  of  an  unknown  mixture 
to  move  along  one  dimension  of  the  paper,  the 
chromatogram  is  rotated  90  degrees  and  a 
second  solvent  is  added  so  that  the  partially 
separated  products  move  in  a  second  path  at 
a  right  angle  to  the  path  of  the  original  separa¬ 
tion.  Autoradiography  has  been  found  to  be 
a  helpful  adjunct  to  paper  chromatography. 

The  isotope  derivative  method,  like  paper 
chromatography,  fimls  widest  application  in 
biological  tracer  studies.  Briefly,  it  is  a 
method  for  determining  organic  compounds 
from  their  isotopically  labeled  derivatives. 
To  a  mixture  containing  the  compounds  to  be 
analyzed  is  added  an  isotopically  labeled 
reagent  under  such  conditions  that  the  com¬ 
pound  in  question  is  converted  into  a  derivative 
of  the  reagent.  The  isotope  derivative  method 
becomes  quantitative  (1)  when  quantitative 
yields  are  obtained  of  the  isotopic  derivatives 
during  the  reaction  with  the  isotopic  reagent 
as  well  as  in  subsequent  isolations  or  (2)  when 
a  known  amount  of  the  compound  being 
determined  is  labeled  with  a  second  isotope 
and  introduced  into  the  mixture.  The  recovery 
of  the  second  isotope  in  any  pure  isolated  sample 
of  the  isotopic  derivative  may  be  used  to 
correct  both  the  lack  of  quantitative  yield  and 
recovery  obtained  with  the  derivative  of  the 
original  isotopic  mixture. 

For  example,  to  determine  glutamic  acid  in 
an  amino  acid  mixture,  one  reacts  the  mixture 
with  a  certain  radioiodine-labeled  reagent, 
adds  a  known  amount  of  very  pure  radiosulfur- 
labeled  glutamic  acid,  and  then  separates  the 
amino  acids  by  chromatography.  If  the  ratio 
of  counts  of  radioiodine  to  radiosulfur  is 
determined  in  successive  small  strips  over  the 
glutamic  acid  band,  one  can  identify  with 
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cortainty  and  ineasuro  tlu*  amount  of  glutamio 
acid  in  the  original  mixture. 

Throughout  the  coui’se  of  all  tracer  experi¬ 
ments  the  isotope  user  must  be  continually 
aware  of  pitfalls.  Potential  pitfalls  lie  in  ea<-h 
of  the  seven  criteria  of  tracer  methotlology, 
namely:  radiochemical  purity,  single  chemical 
state,  exchange  error,  degree  to  which  the 
tagged  molecule  remains  intact,  isotope  effect, 
chemical  effects,  and  radiation  effects.  It  is 
primarily  the  responsibility  of  the  chemist  to 
see  that  such  pitfalls  do  not  invaliilate  the 
resu]t.s  of  tracer  experiments. 

PHYSICAL  CHEMISTRY 

Atom  Exchange 

Exchange  of  like  atoms,  between  two  diffe'rent 
chemical  species  in  solution,  occui-s  spontaneous¬ 
ly  and  can  be  detected  and  measured  only  with 
isotopic  tracer.  It  occurs,  for  e.xample,  in  a 
solution  containing  two  types  of  complex 
cyanide  molecules,  each  having  an  iron  atom. 
The  iron  atoms  exchange  position  between 
the  dissimilar  molecules,  while  the  number  of 
molecules  in  each  species  remains  unchanged. 

After  labeling  one  species  with  radioiron 
and  allowing  exchange  to  occur  with  the  other 
species  over  a  definite  period  of  time,  the  two 
are  chemically  separated  and  the  radioactivity 
is  measured  in  the  second  species.  Such 
observations  on  the  rate  of  exchange  can  shed 
much  light  upon  the  strengths  of  various 
chemical  bonds.  Strong  bonds  woidd  prevent 
substantial  exchange. 

Aging  of  Precipitates 

Alteration  of  chemical  precipitates  with  time 
has  also  been  studied  with  radioactive  tracers. 
When  a  solid  is  precipitated  from  solution 
there  are  always  a  definite  number  of  molecides 
which  remain  dissolved,  depending  on  the 
solubility  of  the  precipitate.  A  newly  formed 
precipitate  differs  in  character  from  an  “aged” 
precipitate  and  the  solubility  often  varies 
with  aging.  T racer  studies  have  clearly  demon¬ 
strated  what  was  long  suspected,  namely,  that 
the  precipitate  spontaneously  redissolves  and 
reprecipitates  (recrystallizes)  to  form  a  new 


and  more  stable  surfact*  during  aging.  'I'he 
use  of  radioisotopes  to  measure  quantitatively 
the  very  small  solubilities  of  many  solids  has 
proved  valuable  to  analytical  chemistry. 

Surface  Reactions 

Surface  phenomena  involve  special  and  com¬ 
plex  mechanisms  for  which  radioisotopes  fre¬ 
quently  provide  the  chemist  his  only  metho<l  of 
study.  Even  as  seemingly  simple  an  action 
as  corrosion  is  quite  complex  and  much  effort 
is  being  made  to  gain  a  better  understanding 
of  it.  The  “pa.ssivity''  or  inertness  to  corrosion 
which  is  induced  in  iron  by  treatment  with 
chromate  was  studied,  using  Chromium  51- 
labeled  chromate.  An  autoradiograph  of  the 
surface  showed  concentrations  of  the  chromium 
at  aieas  where  eaily  corrosion  had  been  ar¬ 
rested.  Various  theories  have  been  proposed 
to  explain  passivity  and  results  of  this  test 
were  useful  in  supporting  one  of  the  theories. 

Radioisotopes  are  useful  in  studies  of  surface 
reactions  frequently  encountered  in  industrial 
processes.  In  studying  reactions  involving  sur¬ 
faces  of  solids,  powders,  or  colloids,  determina¬ 
tion  of  the  surface  area  is  frequently  important. 
No  ordinary  measuring  technique  reveals  the 
surface  of  a  powder  but  many  methods  have 
been  devised  for  estimating  these  areas.  The 
method  using  radioisotopes  is  generally  in 
agreement  with  others  and  is  usually  faster  and 
more  convenient.  1 1  involves  selective  transfer 
(adsorption)  of  radioactive  atoms  from  a  solu¬ 
tion  onto  the  surface  and  determination  of  the 
area  from  the  number  of  atoms  on  the  sui  face. 

Water  flotation  of  mineral  ores  for  separations 
in  the.  mining  industry  is  based  on  the  adsorp¬ 
tion  of  certain  organic  chemicals  on  the  mineral 
particle  surfaces.  Since  the  chemicals  coat  one 
type  of  particle  better  than  another,  it  is  possi¬ 
ble  to  make  one  kind  float  in  a  froth  so  that  it 
can  be  skimmed  off  while  the  other  sinks.  By 
using  a  radioactively  tagged  chemical  and  a 
counter,  it  is  possible  to  determine  the  condi¬ 
tions  for  and  extent  of  adsorption  on  any  par¬ 
ticular  mineral.  The  use  of  dodecyl  amine  for 
the  flotation  of  quartz  was  studied  in  this  way 
by  using  C-14-labeled  amine.  Economically 
important  results  were  obtained  on  the  fraction 
of  surface  vvhich  had  to  be  covered  to  achieve 
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flotation  and  tho  ‘'lains  per  ton  which  jjavc 
optimum  results. 

Surface  reactions  are  of  great  importance  to 
the  manufacturer  and  user  of  detergents  atui 
of  laundry  equipment.  Adsorption  on  clotli 
fibers  of  both  the  soiling  substances  and  miner¬ 
als  in  hard  water  must  be  combatted  by  chem¬ 
ical  action  of  the  detergent.  Many  (racer 
techniques  with  radioisotopes  have  been  devised 
for  evaluating  the  efficiency  of  cleaning  agents. 
In  a  typical  test,  swatches  of  cotton  cloth  were 
cleaned  with  various  detergents  in  wash  and 
rinse  waters  containing  calcium  bicarbonate 
labeled  with  radiocalcium.  Little  or  no  radio¬ 
activity  remaining  on  the  washed  cloth  indi- 
l  ated  high  efficiency  in  removing  calcium  ions 
absorbed  on  the  surface. 

The  soiling  substance  also  is  frequently  made 
radioactive  for  testing  the  efficiency  of  deter¬ 
gents  or  washing  equipment  and  techniques. 
Fats,  proteins,  carbon,  and  clays  have  been 
labeled  for  this  purpose.  Automatic  washing 
machines  are  routinely  tested  in  this  way  by 
some  firms. 

Many  important  chemical  reactions  can  only 
be  made  to  proceed  on  a  commercial  scale  by 
means  of  catalysts.  Adsoi-ption,  reactions,  and 
exchange  on  the  catalyst  surface  are  imporant 
factors  in  surface  reactions.  Information  re¬ 
garding  these  factors  can  be  obtained  with  tracer 
isotopes  and  may  be  of  vital  importance  to  an 
industry.  A  tracer  study  of  the  Fischer-Tropsch 
synthesis  of  gasoline  and  other  important  hy¬ 
drocarbons  from  hydrogen  and  carbon  monox¬ 
ide  is  an  example  of  such  work. 


Diffusion 

Isotopic  tracei's  are  particularly  useful  for 
identifying  and  following  pai’ticular  atoms  or 
molecules  in  a  chemical  oi-  physical  system.  In 
studies  of  gaseous,  liquid,  or  solid  self-diffusion 
there  is  virtually  no  other  way  to  distinguish 
the  diffusing  atoms  or  molecules  from  chem¬ 
ically  identical  neighbors  in  the  surrounding 
material.  Such  studies  are  not  only  of  funda¬ 
mental  value  in  the  understanding  of  molecular 
d3namics  but  are  of  potential  use  in  many 
metallurgical  and  chemical  processes. 

A  tracer  studv  of  solid  metal  self-diffusion, 
as  affected  bv  temperature,  is  illustrated  in 


Figure  2S.  In  the  procedme,  a  thin  lavei-  of 
radioactive  copper  atoms  is  deposited  on  a 
<‘Opper  block.  The  surface  radioactivity  is 
then  found  to  dta-rease  as  siufaee  atoms  migrate 
into  the  blo<-k  and  the  radioactive  atoms  among 
them  are  r(>plaeerl  b\'  inactive  ones.  S(‘lf- 
diffusion  in  gas(‘s  ainl  liquids  is  usuallv  studital 
bv  introducing  the  tracer  at  the  end  of  a  long, 
thin  tube  containing  the  mateiial  and  nnnism- 
ing  (he  radioactivit v  along  the  tube. 
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Diffusion  between  dissimilar  mattu-ials  can 
be  investigated  in  the  same  way.  Such  studies 
are  particularly  valuable  in  (he  i-ase  of  metal 
alloys,  where  the  strength  and  other  character¬ 
istics  depend  on  the  distribution  of  the  unlike 
atoms. 


Vapor  Pressure 

The  superior  sensitivitv  of  ladioisotope 
measurement  as  an  analvtical  method  is  shown 
in  a  method  for  measuring  vapor  pressure  over 
solid  or  liquid  metals.  With  metals  of  high 
melting  point,  it  takes  hours  or  davs  to  collect 
enough  condensed  vapor  to  allow  accurate 
weighing.  Bv  atlding  a  radioactive  tracer  to 
the  metal,  as  indicatwl  in  Figure  29,  the  deter¬ 
mination  may  be  made  in  a  few  minutes. 

In  a  typical  study.  Silver  lit)  is  added  to 
melted  silver.  The  vapor  from  the  hot  metal 
is  allowed  to  stream  through  a  pinhole  in  the 
crucible  liil  and  condense  on  a  cold  metal  disk. 
The  activity  collected  in  a  certain  time  is 
measureil  with  a  geiger  counter,  and  from  it  the 
amount  of  evaporated  metal  and  the  vapor 
pressure  are  I’alculated. 
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Thermodynamic  Properties 

The  great  si*iisitivity  obtainable  in  radio¬ 
isotope  tracing  allows  the  chemist  to  use  ex¬ 
tremely  small  quantities  of  material  when  he 
finds  this  desirable.  The  thermodynamic  prop¬ 
erties  of  solutions,  for  example,  are  usually 
extrapolated  to  their  values  at  “infinite  dilu¬ 
tion”  since  they  change  significantly  with  con¬ 
centration.  The  researcher  can  verify  or  study 
thermodynamic  behavior  in  a  quantitative 
manner  at  extreme  dilutions  by  using  radio¬ 
active  solutes. 


Activation  of  Chemical  Reactions 

Radioisotopes  are  not  only  valuable  in  study¬ 
ing  chemical  reactions  but  also  in  causing  them. 
Radiation  is  able  to  cause  chemical  changes  by 
producing  ionized  molecules  or  free  radicals  (de¬ 
tached  parts  of  molecules)  which  react  in  turn 
to  form  new  molecules  and,  hence,  new  chemi¬ 
cals.  Production  of  new  or  better  products 
with  radiation  has  great  economic  significance, 
and  industrial  potentialities  are  discussed  in  the 
section  on  Industrial  Uses. 

Chemical  reactions  best  suited  to  activation 
by  nuclear  radiation  are  those  which  are 
“triggered”  by  penetrating  particles,  rather 
than  those  depending  upon  radiation  energy  to 
carry  on  the  reaction.  Chemical  processes 
based  on  this  type  of  action  can  be  classed  as 
polymerization,  cross  linking,  halogcnation, 
and  oxidation. 

Polymerization  refers  to  chemical  reactions 
in  which  many  molecules  are  joined  in  a  long 
chain  as  one  large  molecule  called  a  polymer. 


Many  important  materials  sucli  as  plastics  ami 
synthetic  rubbers  are  produced  in  this  way 
entirely  by  chemical  means.  Rupturing  of 
bonds  to  form  new  points  of  attach'iient  for 
additions  to  the  chains  can  also  be  effected  by 
nuclear  radiations.  New  materials  may  be 
produced  in  this  way  that  are  not  possible  or 
practical  with  present  means.  Reactions  which 
hav'c  been  studied  include  the  formatioti  of 
polymers  of  aciylates,  styrene,  and  acryloni¬ 
trile. 

The  initiation  of  cross-linking  of  long-chain 
polymers  is  an  effect  of  radiation  receiving  much 
attention  in  research.  Molecules  of  a  thermo¬ 
plastic  material  such  as  polyethylene  have  mariy 
carbon-hydrogen  bonds  which  can  be  broken 
by  radiation.  A  single  high-energy  particle 
can  produce  this  effect  in  thousands  of  mole¬ 
cules.  The  open  bonds  then  join  permanently 
to  those  of  adjoining  chains.  Cross-linking 
prevents  easy  sliding  of  the  molecules  and  thus 
changes  the  melting  point,  solubility,  strength, 
and  other  characteristics  of  the  material. 
Polyethylene,  for  example,  melts  to  a  thick 
liquid  at  about  70“  C  but  retains  its  shape  to 
190“  C  after  cross-linking. 

Halogenation  reactions,  in  which  chlorine, 
iodine,  and  other  halogens  are  joined  to  other 
chemicals  to  produce  new  compounds,  are 
often  extremely  slow  but  can  be  greatly  speeded 
up  under  ultraviolet  light.  The  triggering 
energy  can  also  be  supplied  by  nuclear  radia¬ 
tion.  Oxidation  reactions,  also,  make  up  a 
large  group  of  chemical  processes.  Modern 
chemical  theory'  assumes  that  in  many  oxida¬ 
tion  reactions  there  is  a  chain  reaction  of  free 
radicals  in  the  presence  of  o.xygen.  Radiation 
is  effective  in  producing  free  radicals  as  well  as 
ions  and  may'  lead  to  easy  oxidation  of  materials 
ordinarily'  difficult  to  oxidize  by  other  means. 

ORGANIC  CHEMISTRY 

The  chemistry  of  carbon  compounds,  as  this 
branch  of  science  is  usually'  described,  has  bene¬ 
fited  greatly  from  the  isotope-labeled  organic 
compounds  now  available.  The  older  litera¬ 
ture  in  this  field  proposed  many  different  mecha¬ 
nisms  and  theories  for  a  single  chemical  reac¬ 
tion.  With  no  way  to  trace  individual  carbon 
atoms,  investigators  were  at  a  loss  to  resolve 
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the  differenot's  between  various  jiroposed  lueclia- 
nisms  and  theories.  C'arhon  14  has  provided 
the  key  to  understandirif;.  Hinulreds  of  eoia- 
pounds  have  been  laheletl  with  this  isotope 
alone. 

Tlie  Crossed  Cannizaro  reaction,  for  example, 
has  been  known  for  nearly  100  years.  It 
involves  a  reaction  between  an  aromatic  ahle- 
hyde  and  formaldehyde.  The  formaldehyde 
is  oxidizetl  to  formic  acitl  and  the  art)matic 
aldehyde  is  reduced  to  a  carhinol.  To  prepare 
a  carhinol  isotopically  labeled  in  the  carhinol 
carbon  atom,  one  might  consider  starting  with 
the  corresponding  aromatic  aldehyde  labeled 
with  C-14  and  performing  a  Crossed  Cannizaro 
reaction  with  formaldehyde.  An  effort  to  do 
this  came  to  nought,  however,  because  all  the 
radioactivity  appeared  in  the  formic  acid, 
leaving  a  nonradioactive  carhinol.  Apparently, 
the  formaldehyde  carbon  traded  places  with  the 
C-C  beled  aldehyde  group.  Without  the 
use  the  radioisotope  label,  this  mechanism 
would  not  have  been  discovered. 

In  studying  chemical  reactions,  once  the  mech¬ 
anism  is  known,  the  next  stage  is  to  determine 
the  kinetics  of  the  reaction.  Prior  to  the  use  of 
isotopically  labeled  compounds  it  was  not  pos¬ 
sible  to  study  the  kinetics  of  a  reaction  under 
equilibrium  conditions.  Data  on  the  progress 
of  a  reaction  had  to  be  obtained  by  chemical 
analysis,  requiring  that  a  reaction  proceed  a 
substantial  degree  in  one  direction  so  that 
changes  in  concentration  of  reactants  and  prod¬ 
ucts  were  great  enough  to  be  measured.  Re¬ 
action  rates  so  far  from  equilibrium,  however, 
may  not  be  the  same  at  equilibrium.  Isotopi¬ 
cally  labeled  reactants  allow  kinetic  studies 
under  equilibrium  conditions  and  provide  the 
kineticist  with  an  extremely  sensitive  means  of 
measuring  rates  and  determining  the  reversi¬ 
bility  of  a  reaction  step. 

The  Menschutkin  reaction  provides  an  illus¬ 
tration  of  the  latter  point.  It  involves  the  for¬ 
mation  of  a  quaternary  salt  from  an  alkyl  halide 
and  a  tertiary  amine.  A  steric  orientation  in 
the  collision  of  the  reactant  molecules  was 
thought  by  many  to  be  necessary  to  permit  the 
formation  of  an  activated  intermediate  complex 
which  could  then  dissociate  to  form  the  products. 
Other  workers  postulated  the  reversible  forma¬ 
tion  of  an  activated  intermediate  complex,  that 


is,  one  which  could  disassociate  to  form  either 
the  original  reactaiits  or,  under  favorable  cir¬ 
cumstances,  the  products.  To  investigate  tins 
problem,  a  .\I(>nscliutkin  reaction  was  perforinial 
witli  an.  isotopi<-ally  labeled  alkyl  halide.  When 
the  nau  tion  was  only  partially  complete,  the 
other  reactant,  the  tertiary  amine,  was  assayi'd 
for  radioactivity.  None  of  the  isotopicallv 
labelcil  alkyl  groups  appeared  in  it.  If  a  re- 
v'ersible  intermediate  had  been  formed,  however, 
in  which  the  alkyl  groups  were  spatially  equiva¬ 
lent.  labeled  alkyl  groups  would  have  been 
found  in  the  unreacted  tertiary  amine.  This 
indicated  either  that  the  intermediate  complex 
does  not  reform  the  reactants  to  an  appreciabh' 
extent  or  that  the  alkyl  groups  are  not  spatially 
equivalent.  Thus,  through  the  use  of  radio¬ 
isotopes,  evidence  was  obtained  which  indicated 
that  a  reaction  which  w'as  thought  to  be  reversi- 
ble  actually  proceeded  otdy  in  one  direction. 

Although  radioisotopes  are  extremely  valuable 
in  kinetics,  their  use  interposes  an  additional 
factor,  the  isotope  effect,  in  rate  studies.  This 
additional  complication  can  be  turned  to  ad¬ 
vantage,  however.  Two  factors  are  involved 
in  changes  in  reaction  rate  resulting  from  iso¬ 
topic  substitution.  One  is  the  lower  frequency 
of  rupture  of  the  critical  bonds  in  the  activated 
intermediate  complex  containing  the  heavier 
isotope.  The  other  is  the  higher  activation 
energy^  for  dissociation  of  the  heavier  molecule. 
In  hydrolysis  of  an  ester,  for  example,  substi¬ 
tuting  C-14  for  C-12  in  the  carbonyl  carbon 
caused  the  molecule  to  r  act  somewhat  more 
slowly.  This  indicated  that  the  rate-deter¬ 
mining  step  involved  breaking  a  bond  to  the 
isotopic  label. 

The  rate-determining  step  in  the  decarboxyl¬ 
ation  of  an  aliphatic  acid  could  not  be  identified 
from  available  kinetic  data.  A  study  employ¬ 
ing  isotopic  carbon,  however,  revealed  a  reaction 
rate  difference  due  to  the  isotope  effect,  thus 
leading  to  the  conclusion  that  the  step  in  ques¬ 
tion  was  the  breaking  of  a  carbon-carbon  bond. 

Perhaps  the  most  striking  e.xample  of  the 
chemist’s  important  role  can  be  found  in  his 
contributions  to  unraveling  the  complicated 
process  of  photosynthesis.  Here  we  have  one  of 
the  most  complex  of  natural  phenomena,  where 
starting  with  carbon  dioxide,  water,  and  the 
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energy  of  the  sun,  plants  synthesize  the  eom- 
plieated  eompounds  upon  which  human  life  de¬ 
pends.  The  chemist,  with  his  knowledge  and 
techniques,  spearheaded  research  in  this  field. 
With  his  tracer  methods  he  determined  the  dif¬ 
ferent  compounds  which  are  produced,  by  iso¬ 
tope  dilution  analysis  he  measured  the  amounts 


of  each,  tlirough  mechanism  stiulies  lie  followed 
the  synthetic  jiathways  in  the  plant,  and  via 
kinetic  stiulies  he  determined  the  reaction  rates 
and  the  nature  of  the  bonds  involved  in  the 
various  reactions.  Tliiue  was  no  phase  of  this 
problem  which  did  not  call  upon  the  chemist’s 
talent. 


Industrial  Uses 


As  tho  atoinif  energy  progrnin  entered  tlie  year 
1950  there  were  approximately  100  industrial 
firms  exploring  the  uses  of  radioisotopes  as  new 
industrial  tools.  Today,  nearly  1,200  industrial 
firms  comprise  almost  50  percent  of  all  institu¬ 
tions  using  radioactive  materials.  This  recent 
striking  growth  has  seen  the  use  of  atomic 
energy,  in  the  form  of  raclioisotopes,  pushed  into 
most  major  industrial  fields.  These  uses  have 
created  widespread  interest  among  other  firms 
which  are  hopeful  that  these  same  principles 
may  he  adapted  to  solve  some  of  their  own 
particular  problems. 

Employee  training  is  still  the  biggest  bottle¬ 
neck  in  wider  industrial  use  of  atomic  energy. 
However,  a  recent  increase  in  number  of  train¬ 
ing  courses,  as  noted  in  the  section  on  training, 
is  rapidly  improving  this  picture. 

The  recent  years  of  radioisotope  distribution 
have  indeed  witnessed  a  phenomenal  growth  in 
industrial  uses.  Industry  is  no  longer  reluctant 
to  bring  these  valuable  tools  into  its  plants  and 
laboratories. 

The  bibliography  on  applied  industrial  uses, 
in  Appendix  V,  CC,  lists  more  than  200  papers 
published  within  the  past  3  jears.  Since  in¬ 
dustrial  development  usually  involves  “trade 
secrets”  with  patent  potentialities  and  produc¬ 
tion  advantages,  this  number  of  papers  is  note¬ 
worthy. 

The  nuclear  principles  involved  in  most  in¬ 
dustrial  applications  are  not  profound.  As  a 
matter  of  fact  some  of  these  uses  were  conceived 
toward  the  end  of  the  last  century  when  radium 
and  X-rays  were  first  discovered.  These  po¬ 
tential  industrial  uses  spurred  the  early  develop¬ 
ment  of  atomic  energy  and  early  uses  of  radi¬ 
ation. 

Since  there  are  hundreds  of  industrial  uses  of 
radioisotopes,  the  various  applications  are 
broken  down  here  into  several  types  of  use  and 
a  few  representative  examples  of  each  type  are 
discussed. 


PENETRATION  OF  RADIATION 

The  ability  of  radiation  to  penetrate  matter 
has  led  to  (he  most  extensive  industrial  use  of 
ratliosotopcs.  A  part  of  the  radiation  is  always 
stopped  by  the  material  being  irradiated;  the 
amount  depends  upon  the  type  and  energy  of 
the  radiation  being  used  and  upon  the  density 
and  thickness  of  the  material  and  any  flaws 
which  may  be  present. 

Radiography 

Imlustrial  radiography  is  one  of  the  large  uses 
of  radiosotopes.  Its  principle  is  illustrated  in 
Figure  30.  Radiography  with  radium,  of  course, 
is  a  comparatively  old  method  for  inspecting 
metal  castings  and  welds  for  possible  flaws  not 
otherwise  detectable.  Reactor-produced  Co¬ 
balt  60,  Cesium  137,  and  Iridium  192  are  now 
used  in  much  the  same  way  as  radium  but  are 
much  cheaper  and  more  effective.  Cobalt  60 
equivalent  in  i-adiation  intensity  to  $20,000 
worth  of  radium  can  be  purchased  for  about 
$100.  The  radiation  from  Co-60  will  penetrate 
thicker  sections  of  steel  than  will  the  rays  from 
radium. 


RADIOACTIVE  COBALT  -  Co  60 


FOR  RADIOORAPHY  TESFINC 


1 - VERSATILE  AND  RELIABLE  INSPECTION 

2-  INSPECTION  MADE  WITHOUT  DISMANTLINC 

3-  SOURCES  OF  DESIRED  SHAPE  AND  SIZE 

4'  VERY  HIGH  ACTIVITY  SOURCES  AVAILABLE  AT  LOW  COST 

Ficure  30. 
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Thickness  Gaging 

In  another  application  of  tlie  radiation  pene¬ 
tration  principle,  the  transmission-type  thick¬ 
ness  gage  is  being  used  routinely  on  production 
lines  to  help  produce  more  uniform  paper,  alumi¬ 
num,  copper,  tin  plate,  plastics,  rubber,  glass, 
and  numerous  other  items.  Tliis  continuous, 
noncontacting  method  of  gaging  is  especially 
useful  where  products  are  moving  rapidly,  where 
temperatures  are  high,  and  where  products  are 
soft  and  may  be  easily  marred.  As  illustrated 
in  Figure  Ill,  the  material  whose  thickness  is  to 
be  gaged  is  passed  between  a  source  of  radiation 
and  a  radiation  detector  which  is  connected  to 
an  amplifier  and  recording  device.  In  many 
cases,  the  signal  caused  bj’  the  radiation  trans¬ 
mitted  through  the  material  is  used  to  make 
automatic  corrections  in  the  production  process. 

lABIOACTIVI  SOUICI 
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T'lAFlO  AND  IILIAIIE 

Figure  .SI. 

Nuclear  gages  have  taken  many  interesting 
and  ingenious  forms.  To  control  ink  distribu¬ 
tion  during  lithographic  printing,  for  e.xample, 
a  special  built-in  thickness  gage  was  developed 
in  which  the  inking  rollers,  themsrVes,  serve 
as  radiation  sources.  A  small  amount  of  the 
low-energy  beta  emitter  Nickel  6.T  was  electro¬ 
plated  on  the  rollers  and  “flashed”  with  a  thin 
protective  layer  of  copper.  Detectors  near  the 
rollers  recorded  the  beta  particles  penetrating 
the  4-  to  6-micron  thicknesses  of  ink.  By  this 
means,  ink  film  thicknesses  were  determined  on 
all  rollers  undiT  dynamic  comlitions. 


Density  Gage 

In  the  transmission  type  of  thickness  gage 
the  amount  of  radiation  picked  up  by  the  de¬ 
tector  is,  of  course,  dependent  upon  the  amount 
of  material  between  it  and  the  radioactive 
source.  In  such  thickness  measurements  it  is 
assumed  that  the  density  of  the  material  r' 
mains  constant.  Conversely,  if  the  tiiickness 
or  size  of  a  material  remains  constant,  the  same 
gage  may  be  used  to  measure  density.  Ex¬ 
amples  of  such  an  application  are  the  monitor¬ 
ing  of  the  density  of  a  process  fluid  flowing 
through  a  pipe  or  the  moisture  content  of  sand 
or  other  material. 

A  recent  and  interesting  variation  of  the  ra¬ 
dioactive  density  gage  is  being  used  to  deter¬ 
mine  the  hydrogen-to-carbon  ratio  in  an 
analysis  of  hydrocarbon  compounds,  including 
fuels.  The  principle,  illustrated  in  Figure  32, 
involves  the  difference  in  beta-ray  absorption 
caused  by  variations  in  electron  density,  this 
density  in  turn  depending  upon  the  hydrogen- 
to-carbon  ratio.  The  commercially  available 
device  is  expected  to  be  particularly  useful  in 
conducting  various  fuel  tests,  but  should  have 
other  applications  as  a  quick  check  on  the 
constitution  of  certain  organic  products. 

HYDR06EN-CAR50N  RATIO  6A6E: 

USING  BETA  RAY  SOURC& 

SPECIFIC 


An  excellent  example  of  how  a  radioisotope 
can  be  adapted  to  a  high-speed  packaging 
problem  is  illustrated  by  a  recent  development 
in  the  cigarette  industry.  Over  the  past  years 
this  industry  has  expended  considerable  effort 
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to  improve  production  quality  control  with 
respect  to  cigarette  weight.  The  average 
weight  of  a  cigai-ette  is  an  important  factor  in 
cigarette  quality.  A  light-weight  cigarette 
burns  both  fast  and  hot,  whereas  cigarettes 
that  contain  more  tobacco  than  necessary  are 
hard  to  draw  through  and  are  costly  since 
tobacco  represents  about  90  percent  of  the 
production  cost.  A  density  gage,  in  Figure  33, 
using  Strontium  90  as  the  source,  permitted 
automatic  adjustment  of  tobacco  feed  and 
contributed  to  uniformity  of  product. 
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NITI  lAMOISOTOnS 

CMuim  lutniui 

MMiTT  caanoi 


CUU  TO 
TOMCCO  im 
comol 

ZLT 


ADVANTAGES'  >*<mu  iMirou  niMnss 

2-l*m  TOMCCO 

}-ElUUIUm  MMMl  CONTIOl 

Figure  33. 

Radioisotopes  have  been  used  to  solve  the 
problem  of  measuring  sdt  at  the  bottom  of 
large  bodies  of  impounded  water.  As  illus¬ 
trated  in  Figure  34  a  density  gage  was  developed 
which  utilizes  low-energy  bremsstrahlung  radi¬ 
ation,  the  X-rays  caused  by  beta  ray  emitters. 

IIEHSSTIANIUNC  GAUGE 


With  Strontium  90  in  one  side  of  a  two-pronged 
device  and  a  radiation  detector  in  the  other, 
changes  in  silt  density  between  them  affected 
the  transmission  of  X-rays  sufficiently  for 
accurate  measurement. 

Liquid-Level  Gage 

The  radioactive  liquid-level  gage  is  similarly 
based  on  measuring  the  change  in  intensity  of 
a  beam  of  radiation  from  a  fixed  source.  As 
shown  in  Figure  35,  the  source  is  sometimes 
mounted  on  one  side  of  the  tank  or  vessel 
containing  the  liquid  and  the  radiation  detec¬ 
tor  on  the  other  side.  When  the  liquid  rises 
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Figure  35. 

to  a  certain  level,  it  cuts  off  or  reduces  the 
beam.  This  particular  adaptation  has,  for  ex¬ 
ample,  been  found  advantageous  in  measuring 
the  height  of  molten  metal  in  a  cupola  since 
problems  of  corrosion  and  heat  damage  can  be 
eliminated. 


■lASniK  Slir  KISITY 


REFLECTION  OF  RADIATION 


When  a  beam  of  radiation  is  directed  toward 
a  material,  some  of  the  radiation  is  reflected. 
The  amount  depends  upon  the  type  and  energy 
of  radiation  and  upon  the  composition,  density, 
and  thickness  of  the  material. 

Reflection  Thickness  Gage 


advantages:  '-«>« 

a-MAsnuum  lAtiur  m  owcuy  madi' 
i-owMAm  couicTiM  SAanis 

Figure  34. 


Radiation  reflection  is  serving  a  useful  indus¬ 
trial  purpose  in  the  accurate  measurement  of 
thickness  of  coatings  laid  over  a  base  metal. 
For  example,  it  is  possible  to  measure  the  thick- 
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noss  of  gold  plaU'd  over  copper  or  rubber  over 
steel.  The  reflectioa-type  thickness  gage  is 
illustrated  in  Figure  36. 

lADIOACTIVi  SOUICE 
FOI  iirucnoH  (IACKSCATTEUNGI  tnickniss  um 


ADVANTAGES: 

1 - CAN  MEASUK  THICKNESS  OF  COATINC  ANO/OI  MATEUAL 

2-  MEASUREMENT  MADE  FROM  ONE  ACCESSIRLE  SIDE 

3-  CAN  MEASURE  A  VARIETY  OF  MATERIAU  WTH  ONE  CALMAIKIH 

Figitkk  ;i<>. 

In  this  teclinique  tlie  beta  particles,  or  elec¬ 
trons,  from  a  radioisotope  strike  the  base  metal 
and  the  intensity  of  the  reflected  beam  is 
measured.  The  metal  is  then  coated  with  a 
different  material  (either  metal  or  nonmetul), 
and  the  reflected  radiation  is  again  measured. 
The  change  in  reflection  is  proportional  to  the 
thickness  of  the  coating,  up  to  a  certain  limiting 
value,  and  can  be  measured  directly  in  micro¬ 
inches.  Variations  in  coating  thickness  can  be 
measured  with  good  accuracy  in  most  cases,  and 
automatic  adjustments  can  be  made  without 
stopping  or  cutting  the  sheet  of  moving  stock. 

The  cost  for  the  radioisotope  included  in  such 
a  gage  is  quite  small,  usually  below  $50.  The 
associated  electronic  equipment  is  more  e.vpen- 
sive  and  m&y  amount  to  several  Imndred  dollai’s. 

The  applicability  of  the  radioactive  thickness 
gage  is  attested  to  by  the  number  and  vai'iety  of 
industries  using  them.  A  number  of  companies 
that  started  out  initially  with  one  gage  in  one 
plant  now  have  many  similar  installations  in 
other  plants. 


Soil  Moisture  and  Density  Gage 

Soil-density  and  soil-moisture  gages  for  use 
in  th((  field  are  other  industrial  applications  of 
the  radiation  reflection  pilnciple.  These  gages 
eliminate  tlu'  delays  incident  to  laboratory 
determinations.  They  have  been  used  in  the 


selection  of  suitable  sites  for  aircraft  runways, 
highway  roadbeds,  and  hydroelectric  dams. 

Each  apparatus  ust's  a  radioaetivt'  source,  a 
radiation  detector,  ami  an  electronic  recorder. 
The  source  and  detector  are  housed  in  a  probe 
wliich  can  be  lowere<l  through  a  one-inch  diam¬ 
eter  stc'cl  tube  driven  into  tliegiound.  The  soil 
density  probe  utilizes  a  Cobalt-6()  source  in¬ 
serted  in  the  tip  of  the  piobe.  Gamma  rays 
from  the  cobalt  bombard  the  soil  surrounding 
the  tube  and  are  scattered  by  it.  .Sonn*  return 
to  the  geiger  counter  which  is  mounted  in  the 
top  of  the  probe  and  shieldetl  against  direct 
radiation  from  the  Cobalt  60.  The  amount  of 
reflected  radiation  can  l)e  translated  directly 
into  soil  density  in  pounds  per  cubic  foot. 

The  soil-moisture  probe  utilizes  a  neutron 
source  activatetl  either  by  alpha  or  gamma  rays. 
Neutrons  are  strongly  affect(*d  by  the  hydrogen 
atoms  in  soil  moisture.  When  fast  neutrons 
strike  hydrogen  atoms  they  art'  slowed  down  and 
after  several  such  collisions  some  are  reflected 
back  to  the  vicinitj-  of  the  probe.  The  top  of 
the  probe  contains  a  geiger  counter  surrounded 
by  a  silver  foil  and  shielded  against  direct 
radiation  from  the  neutron  source.  When  a 
reflected  slow  neutron  strikes  the  foil,  a  short¬ 
lived  radioisotope  of  silver  is  formed.  The 
radiation  from  this  rapidly  decaying  radioisotope 
is  measured  by  the  counter,  which  is  insensitive 
to  the  neutrons  themselves,  and  can  be  trans¬ 
lated  directly  into  moisture  content  of  the  soil. 

The  principle  of  the  soil-density  and  moisture 
gage  is  illustrated  in  Figure  37. 
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DETECTOR  FOR  OAMMA-RAVS  DETECTOR  FOR  SLOW  NEUTRONS 


I-  DATA  OSTAINEO  WITHOUT  NIOVINO  SOIL 
1-6AMMA  RAV  DETECTOR  MBASURSS  DENSITY 
S-SLOW  NEUTRON  DETECTOR  SHOWS  MOISTUR.e 

Figcrk  r!7. 


INDUSTRIAL  USES 


0/ 


LUMINESCENCE 

The  ability  of  radiation  to  cause  certain 
materials  to  emit  light,  or  to  luminesce,  is  a 
long-known  and  long-used  principle.  As  a 
matter  of  fact,  the  science  of  radioactivity  is  a 
direct  outgrowth  of  early  interest  in  lumin¬ 
escence.  Before  the  turn  of  the  century, 
Jean  Poincare  postulated  an  intimate  connec¬ 
tion  between  luminescence  and  the  new  X-rays 
found  by  Koentgen  and  the  mysterious  emana¬ 
tions  from  uranium  found  by  Becquerel. 

Luminescence  is  now  a  well-developed 
science  with  many  promises  for  the  future. 
Many  special  compounds  emit  a  variety  of 
light  rays  when  struck  by  atomic  particles. 
These  self-luminous  markers  can  be  invaluable 
in  emergency  situations  and  have  vitally 


important  military  applications.  Routine  ap¬ 
plications  include  such  uses  as  illuminating 
dials  and  clocks  and  providing  photometric  light 
standai'ils. 

A  number  of  companies  have  investigated 
the  possibility  of  using  reactor-produced  mater¬ 
ials  in  place  of  naturally  occurring  radium  and 
polonium  in  the  manufacture  of  luminescent 
materials.  Reactor-produced  radioisotopes  of¬ 
fers  several  advantages;  first,  pure  beta-ray 
emitters  reduce  the  health  hazards  involved; 
second,  reactor-produced  isotopes  are  usually 
easier  to  work  with;  and  third,  beta  radiation 
has  been  found  to  cause  less  deterioration  than 
the  alpha  particles  of  natural  radioisotopes, 
leading  to  a  more  constant  level  of  light  output 
and  longer  life.  Luminescence  as  an  industrial 
use  of  radioisotopes  is  illustrated  in  Figure  HS. 


AN 

INDUSTRIAL  USE  OF  RADIOISOTOPES 


ONE  MECHANISM 


STRONTIUM -90  LUMIMESCENT  CENTER 

(Zn  S  ••  Cd  ) 


RADIOISOTOPE 
ACTIVATED  MARKERS 


6ETA  SOURCES  CAUSE  LESS  PHOSPHOR  DETERIORATION  TUAN 
ALPHA— HAVE  LONGER  USEFUL  LIFE  AND  LOWER  EXTERNAL 
RADIATION  LEVEL  —  MULTIPLE  COMBINATIONS  ARE  POSSIBLE. 

Figure  38. 
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IONIZATION 

The  ability  of  atomic  radiation  to  ionize  most 
of  the  materials  it  strikes  can  be  put  to  many 
beneficial  industrial  uses.  For  example,  static 
electricity  in  industry  is  a  menacing  problem 
to  production  and  personnel  and  occurs  quite 
generally  whenever  products  manufactured 
possess  insulating  properties.  Through  their 
ability  to  ionize  the  air  at  selected  points  along 
the  moving  stock  and  thus  “ground”  the  static 
electricity,  radioisotopes  help  to  meet  this 
problem. 

ovvi/2«Aiov\^ 
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Figure  39. 


The  electron  tube  industry  also  is  profiting 
from  the  ionizing  ability  of  radioisotopes.  A 
small  amount  of  radioactivity  inside  certain 
specialized  tubes  keeps  the  gases  in  a  partial 
state  of  ionization,  allowing  more  dependable 
operation  of  the  tubes.  The  use  of  radioiso¬ 
topes  as  stabilizing  agents  for  spark  gaps  in 
ignition  systems  is  also  being  developed. 

Ionization  as  an  industrial  use  of  radioiso¬ 
topes  is  illustrated  in  Figure  39. 


ACTIVATION  OF  CHEMICAL 
REACTIONS 


Activation  of  chemical  reactions  is  another 
industrial  use  of  atomic  energy  that  holds  many 
possibilities.  It  has  already  been  demonstrated 
that  beneficial  clumical  and  physical  reactions 
may  occur  when  certain  materials  are  subjected 
to  the  proper  amount  of  radiation.  Many  pew 
compounds  and,  especially,  some  superior 


plasties  have  alreaily  been  made  in  research 
operations. 

The  possibility  of  producing  erosslinked, 
degraded,  and  formed  materials  under  accur¬ 
ately  controlled  conditions  by  a  purely  physical 
process  has  valuable  eommereial  possibilities. 
These  will  depend  on  the  cost  of  irradiation, 
the  enhanced  value  of  the  material,  and  the 
comparative  cost  of  competitive  chemical 
processes  if  they'  are  available. 
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Figure  40. 


As  previously  noted,  irradiation  increases 
the  melting  point  of  polyethjlene  from  70° 
to  190°  centigrade.  Irradiated  polyethylene 
drug  bottles  and  other  containers  can  be 
sterilized  without  harm. 

Activation  of  chemical  reactions  as  an 
industrial  use  of  radioisotopes  is  illustrated  in 
Figure  40. 

STERILIZATION 

Gamma  radiation  in  large  enough  doses  can 
destroy'  bacteria  and  enzymes  in  a  material 
without  raising  its  temperature  significantly'. 
Many'  papers  have  been  written  since  1920  con¬ 
cerning  the  effects  of  ionizing  radiation  on  all 
types  of  organisms.  The  recent  availability'  of 
large  sources  of  radiation  from  reactors  has  ca  used 
extensive  interest  in  radiation  sterilization. 

The  absence  of  high  temperatures  is  quite 
necessary'  in  the  processing  of  many  items  such 
as  antibiotics  and  certain  other  drugs.  Jjarge- 
scale  sterilization  or  pasteurization  of  perishable 
food  stuffs  such  as  meats,  bananas,  potatoes. 
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and  beverages  holds  interesting  possibilities. 
Indeed,  eold  radiation  sterilization  has  great 
potential  importance . 

The  success  of  radiation  sterilization  anil 
pasteurization  will  be  determined  by  the 
enhanced  value  of  products  treated.  If  the 
irradiation  process  results  in  improved  or 
longer  lasting  products,  radiation  treatment  of 
many  present  day  itemsshould  become  profitable. 

In  the  drug  industry,  radiation  sterili"  ation 
presents  fewer  problems.  Side  effects  such  as 
occur  in  many  foods,  are  usually  not  important. 
It  may  be  possible  to  utilize  this  type  of  steril¬ 
ization  in  many  pharmaceutical  processes. 

Radiation  sterilization  offera  the  first  promis¬ 
ing  new  principle  of  food  sterilization  since 
Nicholas  Appert  discovered  the  art  of  canning 
in  1809.  Today,  more  than  40  institutions, 
including  food  industries,  universities,  research 
institutions,  government  laboratories,  and  the 


military,  are  actively  engaged  in  radiation 
processing  research.  The  activities  of  these 
many  groups  are  being  coordinated  in  the 
Quartermaster  Food  and  Container  Institute 
Radiation  Sterilization  Program.  Many  believe 
that  this  research  will  lead  to  tlie  changing  of 
food  containei-s,  preparation  and  processing 
methoils,  and  distribution  and  marketing  prac¬ 
tices  of  food  products. 

Sterilization  or  pasieurization  of  foods  by 
irradiation  presents  several  problems  as  well 
as  many  promising  aspects.  Irradiation  of  some 
foods  may  cause  changes  in  te.xture,  color,  taste, 
odor,  or  nutritional  value.  Intensive  research 
is  now  being  done  to  learn  why  unwanted 
changes  occur  and  to  devise  ways  to  reduce  or 
prevent  them. 

Irradiation  of  potatoes  to  delay  sprouting 
and  rotting  is  now  being  studied.  Routine 
pasteurization  of  meats  and  beverages  may  be 
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feasible  within  a  few  years.  In  these  applica¬ 
tions,  a  oomparativelj'  small  amount  of  radia¬ 
tion  extends  the  shelf  life  without  causing  the 
undesirable  effects  mentioned  above. 

The  principle  of  cold  sterilization  is  illustrated 
in  Figure  4 1 .  Irradiated  potatoes  with  improved 
storage  quality  are  shown  in  Figure  42. 

VOLTAGE  PRODUCTION 

There  are  several  methods  for  direct  produc¬ 
tion  of  electricity  from  the  energy  released  in 
the  decay  of  radioactive  atoms.  This  energy  is 
extremely  minute  compared  with  that  from 
power  reactors,  but  can  be  used  for  certain 
special  applications  requiring  tiny  amounts  of 
power.  The  first  of  these  methods  utilizes  a 
basic  principle  of  physics.  When  a  piece  of  dry 
plastic  or  hard  rubber  is  stroked  with  a  wool 
cloth,  for  e.xample,  the  cloth  sweeps  off  elec¬ 
trons  from  the  surface  of  the  dielectric  material 
and  leaves  it  with  a  positive  charge.  The  wool 
cloth,  of  course,  liolds  the  negative  charge. 


Similarly,  beta  rays  ejected  from  an  insulated 
radioactive  source  leave  it  with  a  positive 
charge;  this  is  the  principle  of  the  Moseley 
generator  developed  in  1913.  The  useful  indus¬ 
trial  application  of  this  pi-inciple  has  been 
realized  in  the  development  of  one  type  of 
atomic  battery.  This  high-potential,  low- 
current  battery  is  illustrated  in  Figure  43. 

Another  battery  takes  advantage  of  the  ion 
multiplication  principle  to  produce  electricity 
from  radioisotopes.  The  electricity  is  generated 
by  the  high-energy  beta  particles  emitted  from 
Strontium  90.  These  high-energy  electrons  are 
used  to  bombard  a  pea-sized  silicon  P-X 
junction,  the  merging  of  two  specialized  types 
of  silicon.  The  P-X  junction,  in  turn,  releases 
about  200,000  slow-moving  electrons  for  each 
high-speed  electron  striking  it.  About  one- 
millionth  of  a  volt  is  produced,  strong  enough 
to  cause  an  audible  signal  in  a  telephone 
receiver.  The  battery  is  about  the  size  of  a 
thimble  and  lias  a  life  expectancy  of  more 
than  20  years. 
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CHARACTfRIST<8: 


1-  MAXIMUM  VOLTASf  UP  TO  Tkv 
*-  95%  erneieNT 

9-  AO/i/lt  AT  zcno  VOLTApe  FOR  lOinc  9rPO 
4-  LONO  USIFUL  LIFE  UklOER  EXTaCMC  CONOITIOMS 
3  •  SMALL  -  LI9NT  -  INEXPENSIVE 

Figure  43. 

Another  very  recent  development  has  re¬ 
sulted  in  an  atomic  batterj'  which  uses  a  series 
of  thermocouples  to  convert  the  heat  from  the 
decay  of  a  radioisotope  into  electricity.  The 
battery  in  its  present  form  contains  several 
curies  of  Polonium  210  sealed  in  a  small  cap¬ 
sule.  The  polonium  is  in  contact  with  the  hot 
junction  of  40  thermocouples  while  the  cold 
junction  is  located  outside  the  container.  The 
temperature  difference  of  about  450°  F.  thus 
produced  between  the  hot  and  cold  junctions 
causes  a  current  to  flow  through  the  device. 
This  first  model  was  found  to  be  0.2  percent 
efficient  in  transforming  the  energy  from  atomic 
decay  into  electricity. 

A  fourth  type  of  atomic  battery  utilizes  a 
radioactive  source  to  ionize  the  filling  gas  be¬ 
tween  two  electrodes  of  dissimilar  metallic 
properties.  Still  another  utilizes  a  radioisotope- 
activated  luminescent  source  to  energize  a 
photoelectric  cell,  thus  producing  a  small 
electric  current. 

TRACING  ATOMS 

Tracing  atoms  is  perhaps  the  most  important 
industrial  use  of  radioisotopes.  A  few  ex¬ 
amples  of  the  many  ways  in  which  the  tracer 
principle  is  being  used  should  illustrate  its 
importance. 

Wear  Studies 

Prior  to  World  War  II  cyclotron-produced 
Phosphorus  .32,  added  to  the  metal  mix,  was 
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use<l  to  stud.\'  the  wear  of  piston  rings.  Today, 
conventional  piston  rings  are  made  radioactive 
b^-  subjecting  them  to  neutron  bombardment  in 
reaidois. 

In  such  a  bombartlment,  only  one  atom  of 
iron  in  approximately  one  billion  is  converteil 
from  stable  Iron  58  to  railioactive  Iron  59. 
The  radioactive  ring  is  fitted  to  the  piston,  using 
proper  shielding  and  monitoring  techniques. 
The  engine  is  assembled,  the  lubricating  oil  is 
added,  and  the  motor  is  started.  Radioactive 
iron  atoms  are  worn  off  the  ring  along  with 
others  and  are  easily  detected  in  the  oU.  The 
sensitivitj’  of  the  radioisotope  method  is  so  high 
that  the  wear  of  the  ring  can  be  detected  in  the 
fii-st  few  minutes  of  running  time. 

The  first  such  experiments  were  made  pri¬ 
marily  to  determine  engine  wear  as  a  function 
of  the  type  of  lubricating  oil  used,  and  havT  led 
to  the  production  of  oils  that  stand  up  better 
under  severe  operating  conditions.  It  should 
be  noted  that  it  is  not  necessary  to  dismantle 
the  engine  to  make  the  measurements.  Both 
the  rate  and  total  wear  can  be  measured  readily. 
One  company  conducting  such  a  study  has  in¬ 
dicated  it  was  able  to  find  out  in  4  yearn  for 
$35,000  what  would  have  required  60  yearn  and 
cost  $1  million  by  older  methods.  Figure  44 
illustrates  this  application  of  tracing  atoms  as 
an  industrial  use  of  radioisotopes. 
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3  -  RAPID  -  SIMPU  •  ECONOMICAL 

Figure  44. 
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Tracing  Catalyst  Circulation 

One  of  the  simplest  and  most  practical  ex¬ 
amples  of  the  use  of  radiation  to  trace  material 
is  the  determination  of  catalyst  circulation  in  a 
catalytic  cracking  refinery.  The  catalyst,  in 
the  form  of  small  porous  beads,  passes  slowly 
down  through  the  cracker,  then  to  a  furnace 
where  the  accumulated  carbon  is  burned  off, 
and  finally  back  to  the  top  of  the  cracker.  The 
efficiency  of  this  continuous  operation  is  very 
dependent  upon  the  rate  of  catalyst  circulation, 
but  it  is  extremely  difficult  to  measure  and  thus 
to  control  this  rate.  Until  recently  it  was  de¬ 
termined  by  measuring  temperature  surges  at 
various  points  in  the  cracker,  even  though  this 
method  required  2  man-days  and  did  not  give 
dependable  results. 

The  isotopes  technique  now  used  for  measur¬ 
ing  the  rate  of  catalyst  circulation  depends  on 
impregnating  a  half-dozen  or  so  of  the  few  bil¬ 
lion  beads  with  radioactive  zirconium,  and 
noting  the  time  required  for  a  radiactive  bead 
to  pass  between  two  rings  of  counters  fastened 
at  each  end  of  a  pipe  between  the  gas  lift  and 
cracker.  By  knowing  the  weight  of  the  cata¬ 
lyst  in  the  pipe  between  the  two  points  and  the 
time  interval  between  the  two  peak  radiation 
readings,  the  operator  can  quickly  calculate  the 
catalyst  circulation  rate  in  tons  per  hour. 

In  its  first  application,  this  one  simple  test 
procedure  eliminated  the  necessity  for  a  $100,- 
000  shutdown  of  a  refinery.  Today,  this  radio¬ 
isotope  procedure  is  used  in  a  number  of  refin- 
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Figure  45. 


eries  for  routine  plant  control,  A  chart  in  the 
control  room  keeps  a  continuous  record  of  the 
flow  and  circulation  of  t he  catalyst .  This  appli¬ 
cation  of  tracing  atoms  is  illustrated  in  Figure  45. 

Petroleum  Product  Flow 

In  another  application  in  the  petroleum  indus¬ 
try,  radioisotopes  are  used  to  mark  the  inter¬ 
face  or  boundary  between  two  different  petro¬ 
leum  products  flow'ing  through  an  overland  pipe¬ 
line.  As  illustrated  in  Figure  46  the  location  of 
the  interface  must  be  known  in  order  to  route 
different  products  to  different  take-off  points 
and  terminals  along  the  line.  The  exactness 
with  which  the  interface  can  be  located  deter¬ 
mines  the  volume  of  product  which  must  be 
considered  as  waste  to  assure  that  two  unlike 
grades  will  not  be  mixed  in  the  consumer 
product. 

lADIOACTIVE  ISOTOFES 
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ADVANTAGES: 


I  -  lADIOACnVE  "MAIKEI"  CAN  IE  TIACEO  OVEN  UNC  DISTANCE 

2-  "MAIKEI”  SFIEAOS  TO  ONLY  SMALL  OIL  VOLUME 

3-  FEIMITS  SEFAIATION  OF  CIUOES  WITN  MINIMUM  OF  LOSS 

4-  METHOD  QUICK  AND  lEOUIIES  NO  SAMFLINC 

Figure  46. 

The  radioisotope  method  is  based  on  injecting 
into  the  line  a  small  amount  of  radioactive  ma¬ 
terial  just  at  the  interface  as  a  different  product 
is  added.  Geiger  counters  detect  and  record 
the  passage  of  radioactivity  in  the  interface  at 
various  points  along  the  line.  The  isotope  tech¬ 
nique,  which  is  now  being  used  by  a  number  of 
petroleum  companies,  has  made  it  possible  to 
reduce  the  volume  of  waste  product  at  the  final 
take-off  point  by  one-third  as  compared  to 
other  methods  for  determining  the  location  of 
the  interface.  The  isotope  technique  has  also 
proved  helpful  in  determining  the  degree  of 
mixing  of  various  products  as  tliey  pass  through 
tl>e  pipeline. 
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Further,  the  teehiiique  has  been  used  as  a 
safety  feature  to  start  pumps  operating  auto¬ 
matically  as  the  interface  approaches,  and  there¬ 
by  avoid  the  possibility  of  different  products, 
say  gasoline  and  stove  oil,  becoming  mixed 
because  of  holdup  in  an  idle  pump. 

Oil  Well  Acidizing 

Still  another  tracer  application  of  particular 
interest  and  economic  significance  to  the  petro¬ 
leum  industry  is  the  use  of  radioisotopes  in  oil 
well  acidizing.  To  increase  the  output  of  cer¬ 
tain  oil-bearing  strata  it  is  often  necessary  to 
increase  the  porosity  of  the  strata  with  an  acid 
treatment.  In  the  past  an  undesirable  feature 
of  the  process  was  the  necessity  for  removing 
the  tubing  through  which  the  acid  was  intro¬ 
duced  before  the  control  instruments  could  be 
used.  This  involved  the  hoisting  and  complete 
disjointing  of  as  much  as  10,000  feet  of  2-inch 
pipe  sections,  a  costly  and  hazardous  operation. 

The  radioisotope  technique  which  is  less  haz¬ 
ardous,  less  costly  and  much  quicker,  is  illus¬ 
trated  in  Figure  47.  The  technique  is  based 
on  suspending  in  the  pipe  at  the  desired  depth 
of  acid  treatment  a  radiation  detector  such  as 
a  geiger  counter  and  adding  a  small  quantity  of 
radioactive  material  to  the  acid  being  used.  As 
the  acid  containing  the  radioisotope  passes  down 
through  the  pipe,  there  is,  of  course,  a  response 
as  it  goes  by  the  counter,  but  this  response  is 
not  as  great  as  when  the  labeled  acid  has  filled 
the  well  to  the  height  of  the  suspended  detector. 

lADIOACTIVE  ISOTOMS 
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Figure  47. 


A  high  radiation  reading,  therefore,  means  that 
the  aciii  has  reached  the  level  at  which  the  treat¬ 
ment  should  be  made.  At  this  time,  pressure 
is  applied  to  the  system  to  force  acid  into  the 
strata,  while  more  acid  is  added  to  maintain  the 
proper  depth. 

Leak  Location 

Somewhat  related  to  flow  indication  and  also 
to  a  test  procedure  is  the  use  of  radioisotope 
markers  or  tracers  in  leak  detection.  Perhaps 
the  simplest  application  is  the  use  of  radio¬ 
sodium  or  radioiodine  in  detecting  leaks  in 
water  lines. 

In  this  case  a  small  quantity  of  the  radioiso¬ 
tope  is  introduced  into  the  line  and  the  path  of 
its  radiation  followed  until  it  reaches  the  spot 
where  the  radiation  reading  drops  off.  In  a 
number  of  instances  these  tests  have  made  it 
possible  to  find  and  repair  leaks  in  buildings 
with  a  minimum  disruption  of  the  structure. 
Furthermore,  the  test  gives  quick  and  reliable 
results  where  other  techniques  fail.  This  indus¬ 
trial  use  of  radioisotopes  is  iliustrated  in 
Figure  48. 
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Figure  4S. 

Tracing  Pirate  Colors 

Radioisotopes  have  been  used  as  a  “moving 
marker”  to  trace  pirate  colors.  They  provide 
a  means  of  preventing  what  is  called  color 
soiling  in  multicolor  textile  printing  operations. 
This  occurs  whenever  one  color  is  carried  for¬ 
ward  by  the  fabric  from  one  printing  roller  to  the 
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next,  and  may  jeopardize  the  sale  of  many 
hundreds  of  yards  of  valuable  fabric. 

Any  color  is  in  danger  of  being  contaminated 
by  the  preceding  colors  especially  l)y  the 
immediately  preceding  one.  It  is  not  always 
possible  to  arrange  the  color  sequence  for  print¬ 
ing  such  that  the  most  sensitive  colei's  are 
applied  firet.  Frequent  replacing  of  dye  solu¬ 
tions  is  costly;  hence,  constant  efforts  must  be 
made  to  prevent  or  reduce  color  contamination. 

Many  solutions  to  the  problem  were  tried 
in  the  past  but  without  practical  success. 
However,  radioisotopes  now  offer  the  ideal  solu¬ 
tion  since  the  offending  or  so-called  pirate  color 
can  be  labeled  with  radioactivity  and  its  gradual 
invasion  of  a  sensitive  color  dye  box  carefully 
and  continuously  monitored 

It  is  not  necessary  to  synthesize  a  costly 
radioactiv'c  dye  for  this  use.  A  few  millicures 
of  P-:i2  as  soluble  phosphate  are  adtled  to  the 
dye  bath  in  question.  Dip  counters,  as  shown 
in  Figure  49,  are  used  to  establish  the  initial 
specific  activity  of  the  pirate  color  and  other  <lip 
counters  continuously  record  the  level  of  con¬ 
tamination  in  dye  boxes  further  down  the 
production  line. 
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Figure  40. 


Electron  Printing 

A  recently  developed  application  of  radio¬ 
isotopes  in  the  field  of  fine  arts  may  have 
industrial  significance.  As  shown  in  Figure  50 
a  picture  painted  or  printed  with  sufficiently 


long-lived  radioactive  ink  can  be  reproduced  as 
many  times  as  desired  simply  by  placing  it  in 
contact  with  photographic  paper  and  then  devel¬ 
oping  tin*  image.  An  isotope  emitting  low- 
energj'  lieta  particles,  such  as  Nickel  65, 
produces  clear,  sharp  reproductions.  On  the 
other  hand,  a  softened,  diffused  effect  is  obtained 
with  the  high-energy  beta  particles  of  Phos¬ 
phorus  52,  which  can  reach  the  photograpliic 
emulsion  at  an  appreciable  distance.  Tones 
from  light  gray  to  black  are  obtained  bj' 
repeated  applications  of  the  ink  or  with  inks  of 
dificrent  radioactive  concentration. 
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Figure  .'jO. 

Other  Tracer  Applications 

The  radioisotope  technique  has  also  been  used 
for  measuring  the  wear  of  gears,  the  contact 
wear  of  distributor  points,  and  the  wear  of  tire 
tread  as  a  function  of  vehicle  velocity.  Similar 
techniques  have  been  used  for  measuring  the 
wear  and  life  of  machine  cutting  tools,  for 
studying  carbon  brush  wear  during  commuta¬ 
tion  of  a  direct-current  motor,  and  for  deter¬ 
mining  the  wear  of  floor  waxes. 

The  radioisotope  technique  is  also  adaptable 
to  the  study  of  wear  caused  by  corrosion  rather 
than  by  friction.  F'or  example,  radiosulfur  has 
been  used  to  study  the  corrosioit  of  gas-fired 
thermoelectric  generators,  radiosodium  has  been 
used  to  test  the  ('orrosion  of  refractories  by 
molten  glass,  and  radiocobalt  has  been  used  in 
determining  the  wear  of  fire  brick  in  the  lining 
of  blast  furnaces. 

Space  does  not  permit  listing  adilitional 
applications.  However,  the  use  of  radioisotopes 
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in  most  tracing  problems  is  a  “natural”  and 
awaits  only  the  application  of  the  teclini<|ue 
to  the  problem  at  hand. 

FUTURE  INDUSTRIAL  ASPECTS 

There  can  he  no  doubt  that  radioisotopes 
hold  many  keys  to  present-day  industrial  prob¬ 
lems.  Many  believe  that  radioactivity  and  the 
capabilities  of  the  industrial  atom  will  soon  V)e 
as  familiar  to  industrialists  as  electricity  is 
today. 

Recent  developments  in  low-level  radiation 
counting  (counting  just  above  the  normal  radia¬ 
tion  level  in  nature)  hold  considerable  promise 
for  industrial  use  of  ra«lioisotopes.  losing  these 
very  sensitive  methods,  tracer  tests  could  be 
done  during  actual  processing  in  an  industrial 
plant  and  the  products  reaching  the  general 
public  would  contain  such  small  amounts  of 
radioactivity  above  the  natural  level  that  their 
handling  and  use  would  lie  completely  safe. 

Special  electronic  circuits  that  cancel  out  the 
natural  radiation  background  permit  easy 
measurement  of  harmless  levels  of  radioactivity. 


Samples  for  measun-iuent  an*  usually  placetl 
directly  into  the  counter  gas  or  scintillation 
fluid. 

Nature  has  herself  shown  how  useful  radio- 
isotopi's  can  be*.  For  example,  it  is  possible  to 
distinguish  recently  living  wood  from  wood  long 
deail  by  means  of  the  radiocarbon  produced 
through  the  action  of  cosmic  rays  on  nitrogen  in 
the  air.  Organic  chemicals  derived  from  living 
materials  can  be  distinguished  from  those  de¬ 
rived  tfom  coal  and  oil.  In  a  similar  way, 
rainwater  can  be  distinguished  from  ground- 
water  by  the  radioactivity  of  naturally  occurring 
radiohydrogen,  or  tritium. 

Many  tons  of  natuially  occurring  radiocarbon 
are  distributed  tliroughout  the  world  in  soil, 
atmosphere,  water,  etc.  (Irowing  things  absorb 
aiul  use  the  radioisotope  along  with  stable 
carbon.  At  death,  absorption  stops.  Using 
the  decay  of  naturally  occurring  railioisotopes 
as  timing  devices,  ages  of  tilings  long  tlead  can 
be  accurately  determined. 

Low-level  counting  has  not  been  explored  to  a 
great  extent  by  industry.  Techniques  for 
measurements  at  these  levels  are  well  known, 
however,  and  need  onl}'  industrial  development. 
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RADIOISOTOPES 

Basic  radioactive  products  available  from 
Commission  facilities: 

1.  Unprocessed  irradiated  materials 

(a)  Service  irradiations  of  targets  fur¬ 

nished  by  the  applicant. 

(b)  Routinely  irradiated  batches  or 

“units.” 

2.  Chemically  processed  radioisotopes 

(a)  From  target  materials. 

(b)  From  uranium  (fission  products). 

Processed  radioisotopes  are  available  from 

Commission  distributors  primarily  in 
simple  chemical  forms. 

Radioisotopes  of  elements  of  atomic  number 
1  to  84  inclusive  are  routinely  available  for 
all  uses.  Service  irradiations  of  elements  above 
atomic  number  83  are  not  normally  available 
but  will  be  considered  provided  the  target 
material  will  not  affect  the  safety  of  the  reactor 
or  is  not  dangerous  to  handle. 

The  principal  production  unit  in  the  United 
States  is  the  air-cooled  graphite  reactor  at  Oak 
Ridge  National  Laboratory  (ORNL).  The  IjOW 
Intensity  Test  Reactor  at  ORNL  is  used  when 
its  higher  flux  of  4X10'^  neutrons  per  square 
centimeter  per  second  is  desirable. 

A  new  facility  which  can  separate  and  purify 
large  quantities  of  fission  products  from  used 
reactor  fuels  has  been  scheduled  for  construction 
at  ORNL  in  1956.  The  new  plant  will  provide 
equipment  for  separation  and  purification  of 
kilocurie  quantities  of  important  long-lived 
fission  products  and  for  fabricating  them  into 
large  radiation  sources.  It  will  have  the  capac¬ 
ity  for  separation  of  approximately  200,000 
curies  per  year  of  Cesium  137  as  well  as  thou¬ 
sands  of  curies  of  Strontium  90  and  other  long 
lived  fission  products.  At  present  only  a  few 
curies  per  month  of  such  radioisotopes  can  be 
separated. 

Irradiation  services  and  certain  special  ma¬ 
terials  are  available  from  Argonne  National 
Laboratory,  Brookhaven  National  Laboratory, 
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Mound  Laboratory,  and  National  Reactor  Test¬ 
ing  Station.  Brookhaven’s  program  for  de¬ 
velopment  of  production  methods  resulted  in 
such  additions  to  the  list  of  available  radio¬ 
isotopes  and  services  as  Iodine  132,  Fluorine  18 
and  special  irradiations.  Argonne  has  added 
the  CP-5  reactor  to  the  program,  increasing  the 
variety  of  special  irradiations.  Objects  up  to 
15)2X15)2X60  inches,  for  e.xample,  can  be 
accommodated,  and  pneumatic  “rabbits”  can 
carry  small  samples  through  a  flux  of  2X10'® 
n/cm.7sec. 

The  materials  Testing  Reactor  in  Idaho,  with 
a  thermal  neutron  flux  of  4X10"  n/cm.7sec., 
is  now  activating  intense  Cobalt  60  sources  on  a 
routine  basis.  The  fast  neutron  flux  of  2X10" 
n/cm.7sec.  in  the  Experimental  Breeder  Re¬ 
actor  can  be  made  available  for  special  irradia¬ 
tions. 

Mound  Laboratory  in  Ohio  processes  and 
sells  Polonium  210  as  a  metal  deposited  on 
platinum  foil  or  gauze,  specially  prepared  alpha 
sources,  and  neutron  sources. 

In  addition  to  the  materials  produced  at  these 
sites,  certain  materials  with  long  life  and  high 
specific  activity,  such  as  Carbon  14,  Iron  55 
and  Cobalt  60,  are  produced  at  Hanford 
Atomic  Products  Operation,  Hanford,  Wash., 
and  distributed  through  the  Radioisotope  Sales 
Department  at  ORNL. 

STABLE  ISOTOPES 

The  stable  isotopes  distribution  program  has 
continued  at  a  steadily  increasing  rate  since  its 
inception  in  1947.  For  detailed  data  on  dis¬ 
tribution  of  stable  isotopes  refer  to  Appendix 
III. 

Most  of  these  isotopes  are  concentrated  at 
Oak  Ridge  in  the  same  type  of  electromagnetic 
separators  which  were  used  during  World  War 
II  to  separate  fissionable  Uranium  235  from 
Uranium  238.  More  than  200  concentrated 
stable  isotopes  of  50  elements  arc  now  routinely 
available. 
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SPECIAL  SERVICES 

Special  Services  from  Commission  Facilities: 
Neviron  activation  analysis  involves  irradiation 
of  a  sample  in  a  nuclear  reactor  and  subsequent 
identification  of  the  radioisotopes  produced. 
The  analysis  may  be  both  qualitative  and  quan¬ 
titative.  Trace  elements  have  been  deter¬ 
mined  in  biological  materials,  drugs,  fertilizers, 
fine  chemicals,  foods,  fuels,  glass,  insecticides, 
lubricants,  metals,  minerals,  paints,  petroleum 
products,  plastics,  soils,  dusts,  waters,  to.xicants 
and  other  materials. 

Oamma  service  irradiations  are  available  at  most 
AEC  reactor  sites  and  also  from  a  number  of 
private  laboratories.  Gamma  radiation  in  large 
enough  doses  can  destroy  bacteria  in  a  material 
without  raising  its  temperature  significantly. 
Also,  certain  important  chemical  reactions  or 
physical  changes  occur  when  the  material  is 
exposed  to  enough  gamma  radiation.  These 
two  uses  of  radiation  are  believed  to  hold  many 
commercial  potentialities.  Large  sources  of 
Cobalt  60  and  Tantalum  182  are  used  for  most 
gamma  irradiations,  but  highly  active  fuel  ele¬ 
ments  from  reactors  are  now  coming  into  use. 

Encapsvdation  of  special  radioisotope  sources  is 
provided  at  ORNL.  All  metalic  Cobalt  60 
to  be  used  as  radiation  sources  must  be  en¬ 
capsulated  prior  to  use.  This  safety  precaution 
was  found  necessary  since  the  surface  of  cobalt 
metal  oxidizes.  When  handled,  the  oxide  tends 
to  flake  off,  and  may  present  a  hazardous 
contamination  problem.  ORNL  encapsulates 
only  large  or  special  sources  not  available 
commercially. 

Radioisotope  waste  disposal  service  is  available 
at  three  AEC  laboratories.  ORNL  will  accept 
radiomaterials  from  users  in  all  sections  of  the 
country.  The  Radiation  Laboratory  at  Berke¬ 
ley,  Calif.,  will  receive  radiomaterials  from  users 
in  the  San  Francisco  Bay  Area.  ANL  will  as¬ 
sist  in  disposal  of  active  waste  resulting  from 
materials  irradiated  at  that  Laboratory. 

Materials  and  Services  from  Commercial 
Firms : 

Much  of  the  progress  of  the  atomic  energy 
program  can  be  attributed  to  the  close  coopera¬ 


tion  between  private  industty  and  government. 
In  the  field  of  isotope  distribution  and  utiliza¬ 
tion,  private  industry  has  contributed  exten¬ 
sively  to  the  growth  and  development  of  the 
program.  With  the  passage  of  the  Atomic 
Energy  Act  of  1954,  industry  has  new  opportu¬ 
nities  for  greater  industrial  participation.  There 
are  numerous  direct  and  indirect  business  oppor¬ 
tunities  found  in  the  many  uses  of  radioisotopes. 

Tjoheled  ('ompounds. — Many  universities  and 
research  centers  as  well  as  industrial  firms  have 
contributed  to  tleveloping  new  isotope-labeled 
compounds  and  improving  existing  production 
techniques.  Nearly  1,000  labeled  compounds 
are  currently  available  from  approximately  25 
commercial  suppliers. 

Pharmaceviicals. — Bulk  shipments  of  unrefined 
radioisotopes  are  purchased  from  ORNL,  pro¬ 
cessed  as  pharmaceuticals,  calibrated,  and  rc*- 
shipped  in  small  quantities  to  hundreds  of 
individual  users. 

Teletherapy  Units. — At  the  close  of  1954,  seven 
United  States  firms  were  collaborating  with 
radiophysicists  and  therapists  in  developing 
radiation  devices  for  specific  medical  purposes. 
The  numerous  variables,  such  as  energy  of 
radiation,  specific  activity  of  the  radioisotope, 
source-skin  distance,  stationary  versus  rotation 
therapy,  and  protection  of  patient  and  person¬ 
nel,  have  led  to  many  possibilities  and  plans  of 
use.  The  active  development  of  teletherapy 
units  incorporating  large  sources  of  radio¬ 
isotopes  shows  much  commercial  promise. 

Radiography  exposure  devices,  or  gamma-ray 
cameras,  are  now  being  manufactured  and  soUl 
by  several  companies  in  the  United  States. 
More  than  350  industrial  firms  in  the  United 
States  are  using  radioisotopes  for  radiography. 
Many  of  these  hav'c  purchased  special  exposure 
devices  or  fabricated  their  own  in  plant  shops. 

Radioactive  thickness  gages  are  currently  avail¬ 
able  from  six  commercial  firms  and  are  being 
used  by  more  than  300  companies  to  meet  more 
exacting  product  specifications. 

Medical  applicators  are  now  ])eing  manufac¬ 
tured  by  several  commercial  firms.  Such  de¬ 
vices  include  eye  applicators  for  treating 
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oplithalmic  lesions,  beta-ray  plaques  for  treat¬ 
ing  a  v'ariety  of  skiti  disorders,  enstom  designe<l 
radiation  needles  for  interstitial  uses,  colpostats 
for  special  medical  use,  a  variety  of  radioiso¬ 
topes  sealed  in  plastic  tubing  for  use  as  sutures, 
shielded  syringes  and  a  variety  of  other  special 
devices. 

Other  materials  and  sendees  account  for  a 
growing  commercial  business  related  to  isotopes. 
These  include  the  production  of  radiation  meas¬ 
uring  instruments,  luminescent  markers,  stati<- 
eliminators,  and  atomic  batteries.  .Services 
include  consultation,  film  meter  service  and 
radioisotope  waste  disposal. 

LICENSING 

The  Atomic  Energy  Act  of  1954  autliorizes 
the  Commission  to  issue  general  or  specific 
licenses  to  applicants  seeking  to  use  byproduct 
material  for  research  or  development  purposes, 
for  medical  therapy,  industrial  uses,  agricul¬ 
tural  uses,  or  such  other  useful  applications  as 
may  be  developed. 

The  act  further  provides  that  the  Commission 
shall  not  permit  tlic  distribution  of  any  bA- 
product  material  to  any  licensee,  and  slmll  recall 
or  order  the  recall  of  any  distributed  material 
from  any  licensee,  who  is  not  equipped  to 
observe  or  who  fails  to  observe  such  safet}' 
standards  to  protect  health  as  may  be  estab¬ 
lished  by  the  Commission  or  who  uses  such 
material  in  violation  of  law  or  regulation  of  the 
Commission  or  in  a  manner  other  than  as  dis¬ 
closed  in  the  application  therefor  or  approved 
by  the  Commission. 

Regulations  governing  the  manufacture,  pro¬ 
duction,  transfer,  acquisition,  ownership,  pos¬ 
session,  importation,  or  export  of  b3'product 
material  have  been  published  by  the  Commis¬ 
sion  under  Title  10,  Part  30,  of  the  Code  of 
Federal  Regulations. 


Exempt  Quantities 

Small  quantities  of  certain  beta-  and  gamma- 
emitting  radioisotopes  maj'  be  obtained  and 
used  without  filing  an  application  or  receiving 
a  license  from  the  AEC.  A  detaihul  list  of 
e.xempt  items  and  (piantilies  is  publislied  in  the 
regulations. 

Export  and  Imports 

A  program  for  the  international  distribution 
of  radioisotopes  was  begun  in  1947;  stable 
isotopes  were  added  to  the  program  iji  Jul}’- 
1954.  Isotopes  and  n'actor-irradiated  ina- 
t'-rials  subject  to  l^SAEC  regulations  may  be 
imported  from  otl\er  covn\tries.  Detailed  data 
on  the  international  distribution  of  isotopes 
appears  in  Appendix  III. 

RADIOLOGICAL  SAFETY 

To  date,  distribution  of  AEC-supplied  iso¬ 
topes  has  been  accomplished  by  means  of  an 
authorization  (or  licensing)  procedure.  In  the 
case  of  radioactive  isotopes  this  procedure  is 
designed  to  make  the  materials  available  under 
conditions  whicli  will  assure  tlieir  safe  use. 
The  Commission,  through  the  Isotopes  Division, 
provides  the  services  of  experts  trained  in 
ratliological  safety.  Field  visits  are  made  to 
assist  radioisotope  users  who  liave  radiation 
protection  problems.  Consultation  on  specific 
isotope  applications  is  not  provided  by  the 
Commission.  The  latter  type  of  service  is 
available  from  a  number  of  commercial  firms 
and  private  consultants. 

Recommendations  of  tlie  Xational  Com¬ 
mittee  on  Radiation  Protection  are  used  as 
basic  guides  in  development  of  .safe  practices 
in  the  us<*  of  radioisotopes  and  in  the  formula¬ 
tion  of  AEC  standards  for  the  protection  of 
health.  A.  list  of  National  Bureau  of  Standards 
handbooks  containing  these  recommendations 
appears  in  Appendix  I. 


Technical  Services  and  Training  Opportunities 


The  Commisaion  has  an  extensive  program  for 
developing  wider  use  of  isotopes.  Some  of  the 
important  services  are  to: 

1.  Provide  information  on  isotopic  materials, 
procurement  policies,  and  procedures. 

2.  Provide  information  on  radiological  safety 
in  the  storage,  use,  and  disposal  of  radio¬ 
isotopes. 

;i.  Assist  in  developing  and  presenting  radio¬ 
isotope  techniques  training  courses  and  in 
the  production  of  training  films  and  other 
visual  aids. 

4.  Provide  references  on  isotope  uses. 

5.  Encourage  industrial  and  commercial  partic¬ 
ipation. 

Training  Films 

The  AEC’  gave  extensive  technical  assistance 
to  the  Army  Signal  (’orps  in  the  preparation 
and  production  of  a  series  of  training  films 
entitled  “The  Radioisotope.”  The  scries  con¬ 
sists  of  individual  films  designed  to  offer 
instruction  in  the  cliaracteristics  and  measure¬ 
ment  of  radioisotopes,  the  techniques  involved 
in  their  use,  their  safe  handling,  the  biological 
effects  of  radiation,  and  finally,  the  ways  in 
which  radioi-sotopes  have  been  used  in  medicine, 
industry,  agriculture,  and  general  sciences. 
They  are  intended  for  an  audience  of  high 
professional,  technical  and  etlucational  level. 

The  films  that  have  been  completed  are:  (1) 
Fundamentals  of  Radioactivity,  (2)  Properties 
of  Radiation,  (3)  Practical  Procedures  of  Meas¬ 
urement,  (4)  Methodology,  (5)  Principles  of 
Radiological  Safety,  (6)  Practice  of  Radio¬ 
logical  Safety,  (12)  Agricultural  Research,  and 
(13)  General  Sciences.  Films  in  the  series  that 
have  not  yet  been  produced  are:  (7)  Biological 
Effects  of  Radiation,  (8)  Medical  Research, 
(9)  Medical  Diagnosis,  (10)  Medical  Therapy, 
and  (11)  Industry  and  Engineering. 

The  films  are  available  on  loan  to  United 
States  users  from  the  AEC  and  from  the  various 
Army  Headquarters’  Central  Film  Libraries. 
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Slide  Illustrations 

An  extensive  scries  of  line-drawing  illustra¬ 
tions  is  available  for  use  by  educators,  lecturers, 
and  students.  The  subji'ct  matter  includes 
isotope  production,  isotope  characteristics,  iso¬ 
tope  distribution,  and  i.sotope  applications  in 
biology,  medical  research,  diagnosis  and  ther¬ 
apy,  agriculture,  chemistry,  physics,  and  in¬ 
dustry.  Copi<‘s  of  the  illustrations  in  the  form 
of  8  X  10-inch  prints  are  availabh*  on  loan 
from  the  lsotoj)es  Division  for  r(‘j)ro<luction 
purposes. 

AEC-Sponsored  Training 

The  Commission  early  realized  the  necessity 
for  basic  training  in  radioisotope  uses  and  safe 
handling  techniques.  The  application  of  these 
new  tools  can  be  expanded  only  as  fast  as  people 
learn  to  use  them.  To  assure  health  and  safety, 
radiomaterials  are  distributed  in  quantity  only 
to  those  who  are  trained  to  use  them  safely. 
The  AEC  has  therefore  activc'ly  encouraged  the 
establishment  of  training  opportunities  in 
techniques  and  safety,  both  by  its  own  labora¬ 
tories  and  by  private  enterprise. 

OlilNS  Traininij  Courses. — The  Oak  Ridge 
InScAute  of  Xuclear  Studies  was  organized  in 
1946  by  a  group  of  universities,  under  contract 
with  the  AEC,  to  utilize  the  unique  facilities  of 
Oak  Ridge  in  programs  of  research  and  training. 
In  the  summer  of  1948,  the  Institute  initiated  a 
program  of  courses,  of  4  weeks  duration,  in 
the  basic  techniques  of  radioisotope  handling. 
These  basic  courses  are  still  given.  Scientific 
experts  from  nearby  AEC  groups  frequent h' 
serve  as  lecturers.  More  than  1,400  gradiiatf's 
have  returned  to  their  own  laboratories,  hospi¬ 
tals,  and  firms  with  sufficient  training  to  initiate 
a  radioisotope  program.  The  courses  have 
served  as  a  prototype  for  otlxu’s  established  since 
by  univci'sities  and  private  institutions. 

ORINSalso  gives  advanced  courses  in  various 
specialized  fields  of  radioisotope  utilization. 
Leadijig  authorities  in  the  re.spectivc'  fields,  both 
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from  within  and  outside  the  AEC,  serve  as 
lecturers  and  course  leaders.  About  600  partici¬ 
pants  have  taken  advantage  of  these  special 
courses. 

At  the  popular  and  seniitechnical  levels,  the 
Institute  maintains  an  Atomic  Energy  Museum 
which  acquaints  visitors  with  various  aspects 
of  atomic  energy  and  radioisotope  usage. 

Radiological  Physics  Fellowships. — With  the 
increasing  usage  of  radioisotopes  and  the  advent 
of  nuclear  reactors  in  universities  and  industry, 
there  is  an  increasing  need  for  institutional 
radiological  safety  officers.  The  AEC  is 
helping  to  meet  the  need  by  providing  fellow¬ 
ships  in  radiological  physics  to  promising 
graduates  of  colleges  and  universities. 

The  fellowships  provide  for  nine  months  in  a 
university  followed  by  three  months  of  applied 
health  physics  training  at  one  of  the  National 
Laboratories.  The  programs  are  carried  out  in 
three  separate  pairs  of  locations;  at  Vanderbilt 
University  and  Oak  Ridge,  at  the  University 
of  Rochester  and  Brookhaven,  and  at  the 
University  of  Washington  and  the  Hanford 
Atomic  Products  Operation.  More  than  200 
of  these  fellowships  have  been  accepted  and 
the  graduates’  specialized  knowledge  and  train¬ 
ing  are  being  applied  in  AEC  installations,  uni¬ 
versities,  medical  centers,  industrial  plants,  and 
other  institutions  throughout  the  Nation. 

On-the-Job  Training. — Thousands  of  persons 
throughout  the  Atomic  Energy  Project  are 
receiving  training  in  the  handling  of  radio¬ 
activity  as  an  integral  part  of  their  work. 
Radiological  Safety  and  Health  Physics  groups, 
in  particular,  are  given  e.xtensive  training  in 
safety  principles. 

Many  university  and  industrial  people  also 
are  receiving  valuable  training  in  Commission 
laboratories.  Their  participation  in  develop¬ 
ment  work,  while  on  leave  of  absence,  is  mutu¬ 
ally  beneficial  to  the  Commission  and  their 
home  institutions.  These  researchers  an<l 
engineers,  as  well  as  students  in  training  centers 
such  as  the  Oak  Ridge  School  of  Reactor 
Technology,  receive  broad  knowledge  in  applica¬ 
tions  of  atomic  energy. 

AEC  Assistance. — In  addition  to  its  training 
opportunities,  the  Commission  has  encouraged 


this  activity  by  otheis.  The  encouragement  has 
taken  many  forms,  such  as  suggestions  and 
recommendations  on  programs  and  courses, 
review  of  proposed  course  content  and  training 
manuals,  active  participation  by  AEC  personnel 
in  programs  and  symposia,  furnishing  infor¬ 
mational  material,  and  loan  of  exhibits,  lantern 
slide  illustrations,  and  technical  and  non¬ 
technical  films.  At  the  high  school  level,  the 
American  Museum  of  Atomic  En(*rgy  at  Oak 
Ridge  instructs  visiting  student  groups,  aids 
in  setting  up  “science  fairs,”  maintains  traveling 
exhibits,  and  sends  teaching  aids  on  request. 

Medical  Training 

Training  in  medical  techniques  and  safety 
with  radioisotopes  is  proceeding  at  two  general 
levels.  First,  orientation  programs  are  offered 
by  medical  schools  for  undergraduate  students, 
and  by  various  medical  groups  for  physicians 
who  were  already  in  practice  when  radioisotopes 
came  into  clinical  use.  At  the  second  level, 
actual  clinical  training  with  patients  enables 
the  physician  to  employ  radioisotopes  in  his 
own  pra(!tice. 

Programs  of  the  first  type  have  ranged  from 
short  lecture  series  to  extended  courses  includ¬ 
ing  lectures,  detailed  laboratory  work,  and 
clinical  demonstrations.  This  type  of  orienta¬ 
tion  provides  a  background  knowledge  suitable 
for  the  medical  man  who  wishes  to  understand 
the  role  of  radioisotopes  in  his  field. 

At  the  second  level  referred  to  above,  training 
is  aimed  difectly  at  the  use  of  radioisotopes  in 
medical  practice.  The  AEC’s  Advisory  Com¬ 
mittee  on  Isotope  Distribution  considers  a 
definite  period  of  clinical  apprenticeship,  with 
a  physician orgroup  actively  using  radioisotopes, 
essential  for  developing  clinical  judgment  in 
the  use  of  these  materials. 

Specialized  opportunities  for  clinical  training 
are  made  available  in  certain  AEC  research  hos¬ 
pitals.  One-year  residencies,  including  stipend 
and  maintenance,  have  been  established  at  the 
cancer  research  hospital  operated  by  the  Medi¬ 
cal  Division  of  the  Oak  Ridge  Institute  of 
Nuclear  Studies.  These  residencies  offer  an 
untisual  opportunity  to  learn  tracer  and  thera¬ 
peutic  techniques  and  are  approved  for  basic 
credit  in  Internal  M('dicine.  .Similar  residen- 
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cies  have  been  established  at  the  Argonne  Can¬ 
cer  Research  Hospital  in  Chicago. 

The  training  of  hospital  technicians  and 
pharmacists  in  the  techniques  of  radioisotope 
handling  and  laboratory  procedures  relies,  at 
present,  on  occasional  on-the-job  experience. 
The  need  for  additional  training  opportunities 
in  these  specialties  is  becoming  more  acute  and 
several  technical  training  schools  are  starting 
to  offer  formal  courses  to  fit  these  persons  for 
new  responsibilities  with  radioisotopes. 

Industrial  Training 

Several  industrial  concerns  have  added  radio¬ 
isotope  technique  and  radiological  safety 
courses  to  their  training  schedule.  These 
are  usually  geared  to  the  company’s  needs. 
The  amount  of  instruction  necessary  is  gov¬ 
erned  by  the  complexity  and  extent  of  radio¬ 
isotope  usage,  and  ranges  from  a  simple  manu¬ 
facturer’s  manual  for  use  with  a  well-shielded, 
direct-reading  thickness  gage  to  a  full-scale 
course  in  nuclear  physics,  instrumentation, 
and  health  physics  for  a  large  program  involving 
industrial  research  and  manufacturing. 

Initiation  of  customer  training  courses  by 
suppliers  and  manufacturers  of  radioactive 
devices  has  been  another  worthwhile  step 
toward  better  radiological  safety. 

University  Training 

Most  important  from  the  long  term  stand¬ 
point  has  been  the  initiation  of  radioisotope 
courses  in  university  extension  programs  and  in 
graduate  and  undergraduate  work.  If  the 
principles  of  radioisotope  utilization  are  learned 
as  part  of  the  usual  academic  education  there 
will  be  less  need  for  intense,  special  training 
later. 

Isotopes  are  used  in  over  200  universities 
and  colleges.  Many  of  these  have  initiated 
radioisotope  laboratory  courses  or  are  presenting 


the  fundamentals  of  tin*  teclmiques  where  they 
apply  in  other  course.  Most  of  these  univer¬ 
sities  are  conducting  research  projects,  often 
sponsored  by  the  AEC,  in  which  radioisotopes 
are  involved  and  in  which  postgraduate  students 
can  obtain  a  familiarity  with  the  principles  of 
their  use. 

Secondary  School  Education 

The  introduction  into  the  high  school  of 
laboratory  experiments  with  radioactivity  is, 
in  some  respects,  the  most  noteworthy  of  recent 
developments  in  education.  Concepts  involved 
in  counting  and  measuring  radiations,  in  tracer 
studies,  and  in  operating  simple  radiation  equip¬ 
ment  are  readily  adaptable  to  the  high  school 
level. 

The  use  of  ladioisotopes  in  high  school  science 
demonstrations  and  in  laboratory  experiments 
by  the  students  has  been  accelerated  by  the 
spreading  awareness  that  small  license-free 
quantities  of  radiomaterial  can  be  purchased. 
When  handled  with  reasonable  care,  the 
small  amounts  present  little  or  no  hazard. 
License-free  quantities  of  radioisotopes  are 
quite  adequate  for  classroom  experiments. 

Other  Training  Opportunities 

In  recognition  of  increasing  use  of  radiation 
and  the  associated  health  problems,  the  Public 
Health  Service  sponsors  a  radiological  health 
training  program  in  Cincinnati.  The  program 
includes  2-week  courses  designed  for  personnel 
of  State  and  local  health  departments  and  a 
limited  number  of  participants  from  other 
governmental  agencies  and  industry. 

An  impressive  amount  of  training  in  radio¬ 
isotope  handling  and  radiological  safety  is  being 
sponsored  by  the  Armed  Forces,  both  because  of 
the  increased  significance  of  such  training  in 
national  defense  and  because  of  the  widespread 
use  of  radioisotopes  in  the  Service’s  medical 
research  and  clinical  programs. 
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Special  Sources  of  Information  on  Isotopes 


Available  From — 

I.  ISOTOPKS  DIVISION' 

r.  S.  Atotiiic  lOiiergy  ('oiiimissioii 
Oak  Hidsf,  Tcnii. 

Forms  and  Instructions 

AE(’-3I3,  "Application  for  Hadioisotopc  I*rocur(nncnl ” 
and  Instructions. 

AKC-375,  " Radioisotope  Order  Rlank”  (for  I'edera! 
■Agencies) . 

AFiC-4()5,  “('ertificate  of  ('oinpliance  with  Eetlcrai 
Food,  Drug,  and  Ctosinctic  .Act.” 

.\KO-I(MI,  ‘‘Stable  Isot-o[)<^  R(;<(U<!.s( .” 

Films  and  Illustrations 

‘•(liiide  to  tlie  Training  Film  Scries,  ‘The  Radio¬ 
isotope’.” — Outlines  purpost',  scope  and  organization 
of  sorites  and  contains  a  brief  synopsis  of  each  film. 
Th(“  individual  films  are  on  loan,  without  charge,  at  the 
Central  Film  Library  of  the  .Army  .Area  in  which  tlni 
borrower  resides  and  at  the  Isotopes  Division,  Oak 
Ridge,  for  isotope  users. 

‘‘List  of  vSlide  Illustrations”. — Listing  variety  of  lim; 
drawing  illustrations  on  various  aspects  and  uses  of 
isotopes.  Available  on  loan  as  8”  x  10"  pritds  for 
reproduction  purposes. 

II.  SliPERINTENDKNT  OF  DOCU.MENT.S 
('ioverninent  Printing  Office 
Washington  25,  D.  C. 

‘‘ISOTOPICS — .Announcements  of  the  Isotopes  Divi¬ 
sion”.— (Juarteri.v  bulletin  of  the  Lsotopes  Division 
furnishing  information  on  i.sotope  procuremem 
allocation  procedures,  distribution  policies,  and 
methods  for  safe  handling  and  disposal  of  radio¬ 
materials.  35  cents  per  cojiy  or  $1  per  volume 
(calendar  year)  by  subscription. 

‘‘Isotopes  ...  .A  Three- Year  Summary  of  ('  S. 
Distribution,”  .August  I9-li). — Summarizes  isotope 
production  and  distribution  and  contains  bibli¬ 
ography  of  over  1,850  references.  45  cents  per  copy. 

‘‘Isotopes  ...  A  Five-Year  Summary  of  U.  S.  Dis¬ 
tribution,”  .August  1051. — (lives  detailed  account  of 
all  isotope  investigations  initiated  from  the  begin¬ 
ning  of  the  distribution  program  in  .August  1040 
through  June  30,  1051,  indicating  institution  and 
department,  principal  investigator,  isotope,  {Uirpo.se 
for  which  material  was  obtained,  and  status  of 
investigation  at  date  of  {iublicatiou  or  reference  to 
published  rc{)ort,  if  an.v-  Re|)ort  also  contains 
bibliography  of  1,400  references  fsup{)lemciding 
bibliogra{)hy  in  3-year  summary).  $1  per  copy. 


‘‘Nuclear  Science  .Abstracts”.  -Covers  unclassified  and 
<l(H‘lassi.ied  .AEC  research  rei)ortson  .Nuclear  ,S<'i(mce, 
ami  other  material  in  this  field  which  a|)pcars  in 
technical  and  scientific  journals  and  un[)ublished 
re.scarch  re{)orts  of  government  agenciits,  universities, 
and  indtislrial  research  cslablishmeitts.  25  cents 
(ter  coin’  or  subscri|)tioti  at  $0  a  year  dotnestic  and 
80  fttreigti. 

TlD-500h,  "I'se  of  lsolo|)es  in  I’latit  atid  .Atiimal 
Research”. — 10  pa|>ers  frfttu  Cotiference  at  Kan.sas 
State  College,  Jitne  12,  1052.  $1.25. 

"The  Cotitribttlioti  of  .Atomic  Energy  (o  .Agriciiltitri'”.— 
Hearings  before  the  Sitbeommit lee  ott  Research  atid 
Di'VtdopmenI  of  the  .loitit  Comtnitlee  on  .Atomic 
Etiergy,  Congress  of  the  Iltiited  States,  March  31 
atid  .April  1,  1054  25  cetits. 

‘  The  Cotitribiition  of  .Atomic  Etiergy  to  Medicitie”. — 
llearitigs  iKifort^  the  Stibcotntnittee  oti  Research  and 
Dt'velopmetit  of  the  Joitit  Cottititil tee  ott  .Atomic 
Ettergy,  Cotigress  of  the  I'nited  States,  June  2,  3, 
and  4,  H)54.  55  cents. 

National  Bureau  of  Standards  Handbooks 

Handbook  42,  ‘‘Safe  Handling  of  Itadioactivc  Isotoiies.” 
15  cents. 

Handbook  48,  “Control  and  Removal  of  Radioactive 
Coiitaminatioii  in  Laboratories.”  15  cents. 

Handbook  It),  ‘  Recommendations  for  Waste  Disixisal 
of  Fliosiihoriis  32  and  Iodine  131  for  .Metlical  Users.” 
10  cents. 

Handbook  51,  “Radiological  .Monitoring  .Methods  and 
Instriimeiits.”  15  cents. 

dbook  52,  “Maximum  Permissible  .Amounts  of 
idioisotoiies  in  the  Human  Body  and  Maximum 
rniissible  Concentrations  in  Air  and  Water.” 
2I>  cents. 

Handbook  53.  “Recommendations  for  the  Disposal  of 
Carbon  14  Waste.s.”  15  cents. 

Handbook  54,  “Protection  Agaimst  Radiations  From 
Radium,  Cobalt  60,  and  Cesium  137.”  25  cents. 

Handbook  .56.  “Safe  Handling  of  Cadavers  Containing 
Radioactive  Isotoiies.”  15  cents. 

Handbook  .57,  “Photographic  Dosimetry  of  X-  and 
Camma  Rays.”  15  cents. 

Handbook  58,  “Radioactive- Waste  Dis{)osal  in  the 
Ocean.”  20  cents. 

Handbook  50,  “Permissible  Dose  F'rom  External 
Sources  of  Ionizing  Radiation.”  30  cents. 

Semiannual  Reports  of  the  AEC  to  Congress 

Fourth  Semiannual  Re|)ort,  “Recent  Scientific  and 
Technical  Develo{)ments  in  the  Atomic  Energy  Pro- 
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gram  of  the  United  States,”  July  1948.  35  cents 

(largely  on  isotopes  program). 

Sixth  Semiannual  Report,  “Atomic  Energy  in  the  Life 
Sciences,”  July  1949.  45  cents. 

Eighth  Semiannual  Report,  “Control  of  Radiation 
Hazards  in  the  Atomic  Energy  Program,”  July  1950. 
50  cents. 

Eleventh  Semiannual  Report,  “Some  Applications  of 
Atomic  Energy  in  Plant  Science,”  January  1952. 
50  cents. 

Thirteenth  Semiannual  Report,  “Assuring  Public 
Safety  in  Continental  Weapions  Test,”  January  1953. 
50  cents. 

Fourteenth  Semiannual  Repmrt,  “Major  .Activities  in 
the  Atomic  Energy  Programs,”  January  -June  1953. 
45  cents. 

Fifteenth  Semiannual  Report,  “Major  Activities  in  the 
Atomic  Energy  Programs,”  Julj’-December  1953. 
45  cents. 

Seventeenth  Semiannual  Report  of  the  Atomic  Energy 
Commission,  July-December  1954.  45  cents. 

III.  OFFICE  OF  TECHNICAL  SERVICES 
Department  of  Commerce, 

Washington  25,  D.  C. 

“Price  List  of  Research  Reports  for  Sale.”-— Titles  and 
prices  of  available  unclassified  and  declassified  AEC 
research  reports.  Free  of  charge  upon  request. 

.\ECU-2226,  “Design  of  Laboratories  for  Safe  Use  of 
Radioisotopes.” — By  Donald  R.  Ward.  35  cents. 

.AECU-2821,  “Air  Contamination  and  Respiratory- 
Protection  in  Radioisotope  Work.” — By  G.  W.  Mor¬ 
gan  and  C.  R.  Buchanan.  25  cents. 

AECU-2875,  “Equipment  for  Radioisotope  Labora¬ 
tories.” — By  Oscar  M.  Bizzell.  25  cents. 

AECU-2967,  “Radiation  Safety  in  Industrial  Radiog¬ 
raphy  with  Radioisotopes.” — By  P.  M.  Frazier, 
C.  R.  Buchanan,  and  G.  W.  Morgan.  25  cents. 

.ANL-5111,  “Annotated  Bibliography  in  Radiobiol¬ 
ogy.” — Abstracts  of  2,153  reports  and  journal  articles 
on  radiation  effects,  radioelement  metabolism,  and 
effects  on  growth,  genetics,  and  cytology.  $2.10. 

TID-3046,  “Utilization  of  Gross  Fission  Products.” — 
Bibliography  of  unclassified  report  literature.  25 
cents. 

TID-3050,  “A  Bibliography  of  Selected  AEC  Reports 
of  Interest  to  Industry.” — Brief  abstracts. 

Part  1,  Metallurgy  and  Ceramics.  35  cents. 

Part  2,  Chemistry  and  Chemical  Engineering.  45 
cents. 

Part  3,  Nuclear  Technology.  35  cents. 

Part  4,  Electronics  and  Electrical  Engineering.  35 
cents. 

Part  5,  Mechanics  and  Mechanical  Engineering. 
25  cents. 

Parts  6  &  7,  Construction  and  Civil  Engineering; 
Mining  and  Geology.  25  cents. 

Parts  8  &  9,  Industrial  Management;  Health  and 
Safety.  25  cents. 

TID-4550,  “Availability  of  U.  S.  Atomic  Energy  Com¬ 
mission  Research  and  Development  Reports.” — De¬ 


scription  of  ways  rej)orts  and  other  publications  are 
made  available  to  the  public.  Free  of  charge  upon 
request. 

TID-5078,  “Radioisotope  Applications  of  Industrial 
Significance.” — Extracts  the  industrial  uses  from  the 
listing  in  “Isotopes  ...  A  Five-Year  Summary  of 
U.  S.  Distribution”  above.  30  cents. 

TID-5115,  “The  Role  of  Atomic  Energy  in  Agricultural 
Res(“arch.” — 25  papers  from  symposium  at  Oak 
Ridge,  Augu.st  25,  1952.  $3.10. 

IV.  OAK  RIDGE  NATIONAL  LABORATORY 
Radioisotope  Sales  Department 

Post  Office  Box  P 
Oak  Ridge,  Tennessee 

“Catalog  and  Price  List  of  Radioactive  and  Stable  Iso¬ 
topes.” — Gives  price,  chemical  form,  purity,  specific 
activity,  etc.,  of  radioisotopes;  chemical  form  and 
degree  of  enrichment  of  stable  isotopes  on  loan;  spe¬ 
cial  materials  and  sc;- vices;  ordering  and  shipping 
procedures. 

V.  BROOKHAVEN  NATION.AL  LABORATORY 
Isotopes  and  Special  .Materials  Group 

Upton,  Long  I.sland,  New  York 

“Catalog  and  Price  List  of  Reactor  Irradiation  Services 
and  Radioisotopes.” — Gives  prices,  specifications 
applying  to  target  conveyor,  shipping  information, 
and  instructions  for  ordering. 

VI.  ARGONNE  NATIONAL  LABORATORY 
Special  Materials  Department 

Post  Office  Box  299 
Lemont,  Illinois 

“Catalog  and  Price  List  of  Irradiation  Services.” — 
Gives  information  on  availability  of  the  irradiation 
facilities  of  ANL's  Research  Reactor — CP-5,  Experi¬ 
mental  Breeder  Reactor  and  60-Ineh  Cyclotron,  and 
ordering  and  shipping  procedures. 

VH.  McGRAW-HILL  BOOK  COMPANY,  INC. 

330  W.  42nd  Street 
New  York  36,  New  York 

National  Nuclear  Energy  Series. — Complete  technical 
record  of  scientific  work  carried  out  in  the  nation’s 
atomic  energy  program  under  the  Manhattan  Project 
and  continuing  with  that  of  the  AF)C  (see  TID-4550 
above  for  titles  and  prices) . 

VIII.  D.  VAN  NOSTRAND  COMPANY,  INC. 

250  4th  Avenue 

New  York  3,  New  York 

“Sourcebook  on  Atomic  Energy.” — By  Samuel  Glass- 
tone. — Description  of  theory,  history,  development, 
and  uses  of  atomic  energy  and  radioisotopes.  $2.90. 

IX.  STANFORD  RESEARCH  I.NSTITUTE 
Project  361 

Stanford,  California 

“Industrial  Uses  of  Radioactive  Fission  Products.” — 
A  report  to  the  USAEC.  $1.50. 


APPENDIX  II 


Chronological  Outline  of  Development  of  Isotopes  Distribution 

Program 


1.  First  public  announcement  of  reactor-produced 
radioisotopes  available  under  the  distribution  pro¬ 
gram  appeared  in  the  June  14,  1946  issue  of 
Science  (served  as  1st  Radioisotopes  Catalog). 

2.  First  reactor-produced  radioisotope  shipment  from 
Oak  Ridge,  August  2,  1946. 

3.  Jurisdiction  of  program  turned  over  to  civilian 
Atomic  Energy  (Commission,  January  1,  1947. 

4.  Initiation  of  service  irradiations,  that  is,  a  service 
whereby  the  radioisotope  user  may  submit  his  own 
sample  for  irradiation  or  neutron  bombardment  in 
the  nuclear  reactor,  March  1,  1947. 

5.  Initiation  of  program  making  available  the  con¬ 
centrated  stable  isotopes  of  Boron  10  (complex), 
deuterium  and  deuterium  oxide  (heavy  water), 
June  1947. 

6.  First  compound  labeled  with  radiocarbon  (methyl 
alcohol)  available  from  the  Commission,  July  1947. 

7.  Initiation  of  a  program  for  international  distribu¬ 
tion  of  radioisotopes,  September  3,  1947. 

8.  Formation  of  an  .Advisory  Committee  on  Isotope 
Distribution  (to  replace  interim  policy  committee 
set  up  under  the  Manhattan  Project),  January 
1,  1948. 

9.  Initiation  of  a  program  for  distribution  on  a  loan 
basis  of  more  than  100  varieties  of  electromagnetic- 
ally  concentrated  isotopes  of  about  30  elements, 
January  21,  1948. 

10.  Publication  of  regulations  by  the  Interstate  Com¬ 
merce  Commission  for  shipment  of  radioisotopes 
by  common  carrier  (rail  and  truck),  January  25, 
1948. 

11.  Opening  of  first  Commission-sponsored  training 
course  in  radiosotope  techniques  by  Oak  Ridge 
Institute  of  Nuclear  Studies,  June  1948. 

12.  Distribution  of  tritium  (radioactive  hydrogen)  and 
stable  Helium  3,  September  1948. 

13.  Completion  of  a  nation-wide  intercomparison  of 
Iodine  131  radiation  analyses  conducted  by  the 
National  Bureau  of  Standards  and  Atomic  Energy 
Commission. 

14.  Availability  of  stable  elemental  Boron  10  announced 
March  28,  1949. 

15.  Initiation  of  a  program  for  cyclotron  production 
and  distribution  of  certain  long-lived  radioisotopes 
not  producible  in  the  nuclear  reactor,  June  1949. 

16.  Enactment  of  regulations  by  the  Civil  Aeronautics 
Board  for  shipment  of  radioi.sotopes  by  commercial 
aircraft,  July  20,  1949. 

17.  Completion  of  new  large-scale  radioisotope  pro¬ 
cessing  facilities  at  Oak  Ridge  National  Laboratory, 
March  15,  1950. 


18.  .Announcement  of  program  for  returning  radioactive 
wastes  to  (’ommi.ssion  facilities  for  disposal,  Octo- 
bt‘r  1950. 

19.  Initiation  of  cooperative  visitation  with  state 
health  departments  to  radioisotope  users,  Decem¬ 
ber  1950. 

20.  Announcement  that  Brookhaven  National  Lal>- 
oratory  will  provide  reactor  irradiation  services 
and  radioisotopes,  January  1951. 

21.  Publication  of  first  issue  of  the  quarterly  bulletin, 
“Isotopics — Announcements  of  the  Isotopes  Divi¬ 
sion,”  .April  1951. 

22.  E.xpansion  of  international  distribution  of  radio¬ 
isotopes  to  include  all  reactor-produced  radioiso¬ 
topes  (except  tritium  and  Polonium  210)  and  to 
authorize  the  export  of  these  materials  for  use  in 
.scientific  research,  medical  research,  industrial 
research,  medical  therapy  and  industrial  applica¬ 
tions,  July  16,  1951. 

23.  First  radioisotope  (Iodine  131)  accepted  by  Federal 
Food  and  Drug  .Administration  as  effective  new 
drug,  November  23,  1951;  Phosphorus  32  accepted 
June  30,  1952;  and  Colloidal  Gold  198  accepted 
October  1,  1954. 

24.  First  film  of  thirteen-part  radioisotope  training 
film  series,  “The  Radioisotope,”  made  available  for 
distribution,  January  1952. 

25.  .Announcement  of  availability  of  neutron  activa¬ 
tion  analysis  service  at  Oak  Ridge  National  Labora¬ 
tory,  .April  1952. 

26.  Publication  of  .AEC’-financed  supplement  to  the 
Journal  of  the  .American  Chemical  Society  on 
labeled-compound  synthesis.  May  1952. 

27.  .Announcement  of  availability  of  facilities  for  irradi¬ 
ation  of  large  items  at  Brookhaven  National 
Laboratory,  January  1953. 

28.  Publication  in  the  Federal  Register  of  criteria 
governing  the  authorization  of  .AEC  supplied 
radioisotopes  for  research  and  development,  for 
human  u.se,  and  for  use  under  a  general  authoriza¬ 
tion.  IT.se  of  license-exempt  quantities  of  radio¬ 
isotopes  in  humans  expressly  prohibited,  Decem¬ 
ber  15,  1953. 

29.  Publication  by  US.AEC  of  list  of  492  i.sotope- 
labeled  compounds  available  from  13  commercial 
suppliers,  the  National  Bureau  of  Standards,  and 
Oak  Ridge  National  Laboratory,  January  1954. 
Announcement  of  standard  reactor  units  of  radio¬ 
isotopes,  July  27,  1954. 
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31.  Kirvisioii  of  Federal  Kadioisutope.s  1  list riiiiit ion 
Uegiilation.s  to  rover  radioisotopes  produeed  in  any 
publicly  or  privately  owned  nuclear  reactors 
located  within  the  United  States,  its  territories,  or 
possessions,  July  24.  l!)o4. 

32.  Stable  isotopes  made  available  for  export,  July 

33.  Issuance  of  Argonne  National  l.aboratory  booklet, 
entitled  “Irradiation  Services”  containing  d<-tailed 
information  on  services  available  at  .\.\L’s  Re¬ 


search  Reactor  ('P-.v,  Kxperimental  Rreeder 
Reactor,  and  itstHi-meh  cyclotron,  Sejitember  I'.l.'il. 

34.  .Vpiiroval  of  Kilocurie  Fission  Proiluct  Separation 
Plant  to  be  hicated  at  Oak  Riilge  National  Labora¬ 
tory,  October  l!).")4. 

3.').  .\nnouncement  of  Gamma  Irradiation  Facilities 
at  National  Reactor  'I'esting  Station  to  provitle 
gamma-ray  fields  of  the  order  of  10  million  roentgens 
per  hour,  October  1054. 


APPENDIX  III 


Statistics  on  Isotope  Distribution 


Tabi.e~‘  TOTAL  activity  (Curies)  AND  SHIP¬ 
MENTS  OF  PRINCIPAL  ISOTOPES.” 

Table— "OROWTH  IN  ACTIVITY  (Curies)  AND 
SHIPMENTS.” 

Table— “TYPES  OF  INSTITI  TIONS  I  SINO  ISO¬ 
TOPES  IN  THE  UNITED  STATES.” 


Table— “SIIIP.M  ENTS  OF  ISOTOPES  TO  COUN¬ 
TRIES  OUTSIDE  THE  UNITED  STATES.” 
(.’hai-h— •CROWTH  IN  CURIES  SHIl’PED  ” 

Mai — “RADIOISOTOPE  USERS  HY  STATES.” 
Map— “INDUSTRIAL  FIR.MS  USINC  RADIOISO¬ 
TOPES.” 


TOTAL  ACTIVITY  (Curies)  AND  SHIPMENTS  OF  PRINCIPAL  ISOTOPES' 


I.SOTOI'E 


At  <;,  -i,  lt)4(V-l)Ki'.  31.  !«.■;!  Jan.  1.  lli.'il  Dec.  31.  IH.M  Total  to  Dec.  31,  PJoJ 


.\elivily 

(('uri<‘.si 


.Slilimieuts 


.Xctivily 

((’iirics) 


Sliipmciits 


.\ctivlty 

(Ciirics) 


.siiipnic'iits 


Radioactive  Isotope: 

1 

Iodine  13U  .  . . .  . . 

2,020 

18,713 

557  5,  023 

2.  583 

23,  730 

Phosphorus  :I2  . . . 1 

007 

12,050 

153  2,  405 

700 

14.  404 

Carbon  14 . . . . . . ' 

2i) 

1,040  ' 

5  ;  20i) 

34 

1.  018 

Sodium  24  ... _ _ _ 

23  : 

1,028 

0  448 

32 

2,  37() 

Cold  19S _ _ _ 

088  ! 

1,570  ' 

032  022 

1,  320 

2,  102 

Hydrogen  .'L _ _ _ _ _  ..i 

340  ; 

140  : 

1  ()8  04 

514 

243 

Strontium  Si),  !)0 _ _ 

138 : 

040 

no  130 

257 

77() 

Cobalt  00  _ _ _ _ 

20,304  ; 

811 

25,403  i  134 

45,  857 

045 

Cesium  LIT .  . . . . . 

52  ! 

411 

327  104 

370 

515 

Iridium  102 . . . . . . 

30 

32 

1, 200  00 

I,  230 

131 

Poloniiiiri  210 _ _ _ 

312  , 

5<>  ' 

810  :  57 

1,  131 

113 

Other. . .  . - . . . 

370  : 

13,503  ' 

240  3,  200 

025 

10,  703 

Total  - .  - _ _  _  _ _ 

25,000 

51,  ()17 

20,  728  !  12,  585 

54,  728 

04,  202 

Stable  Isotopes;  1 

i 

1 

i  i 

Deuterium  Oxide.  . . .  . 

082  ■ 

.  -  --  L52 

834 

Deuterium . . . . 

1,  052  ■ 

_ !  101 

1,  213 

Boron  10,  11 _  . 

_ 1 

100 

_  04  _ 

170 

Heliums _  ..  _  _ . 

i 

25 

■  10 

Oxygen  18  _  _ _ _ 

--  -  i 

330 

- :  48 

387 

Electromagnet ically  Concentrated _ L 

1.057  - 

320  i- 

2,  283 

Argon  38.  -  .  _  ..  _  .. 

- i 

4  - 

_ :  1  L 

— 

‘  o 

Total _ ' _  4,  1(>5  ^ _ :  702  _  4,  !)27 


^  Distributed  from  Oak  Kidge  National  Laboratory  to  all  isotojw  users. 
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STATISTICS  ON  ISOTOPE  DISTRIBUTION 


GROWTH  IN  ACTIVITY  (Curies)  AND  SHIPMENTS  ‘ 


Year  j 

Ci'RiEs  Per 

'  Shipments 

Total 

Total  Ship-  ; 

1  Year 

Ci'EiEs  Per 

Shiphents 

Total 

Total 

Year 

Per  Year 

Cl’RlE.S  j 

,  Mt:N'T8  j 

Year 

Per  Year 

r  CRIES 

Bhifmlnth 

1 

1946 _ 

8 

1 

281 

8  j 

'  281  ' 

i 

!  1951.. 

.  .'  4,523 

9,  475 

6,  155 

;  28,  899 

1947 _ 

65 

1,897  1 

'  73  1 

2,  178  ! 

j  1952 

11,244 

10,  691 

17.  399 

39,  590 

1948 _ 

134 

3,  618  ] 

!  207  1 

5,  796  j 

:  1953  .. 

_  *  7, 601  ; 

12,027 

25,  000 

51,617 

1949 _ 

386 

5,  633  : 

593 

11,429  i 

1  1954.- 

.  »  29,  728 

12,  585 

.54,  728 

64,  202 

1960 _ 

I.  039 

I  7,  995  j 

1.  632 

19,424  I 

1  1 

j 

,  i 

1  1 

I 

>  Distribution  from  Oak  Ridjte  National  Laboratory  to  all  users. 
•  Decrease  due  to  20%  charge  for  isotopes  (or  cancer. 

>  Increase  due  to  teletherapy  units. 


TYPES  OF  INSTITUTIONS  USING  ISOTOPES  IN  THE  UNITED  STATES 


(Showing  Number  Added  Each  Year) 


Year  | 

i 

Isotope 

M  EDICA  L 
Insts. 

Colleger  and 

rxIVERHITIES 

I-VDC.STBIAL 

Firms 

Federal  and 
State  Labs 

ForSDATIOSS 

AND 

Institutes 

Other 

Total 

1946 . 

( Radioactive _ 

38 

22 

18 

4 

4 

. 

86 

[Stable _ _  ..  . 

2 

2 

1 

5 

1947 _ 

I  Radioactive. . 

48 

26 

17 

5 

7 

103 

[Stable _ 

15 

39 

19 

5 

3 

81 

1948 _ 1 

1  Radioactive . 

31 

21 

21 

8 

5 

86 

1  Stable _ _ 

9 

16 

15 

2 

2 

44 

1949 . 

1 

J  Radioactive . . 

27 

20 

47 

15 

3 

112 

1  Stable _ 

11 

12 

9 

3 

2 

37 

1950 . i 

f  Radioactive _ 

62 

34 

103 

17 

10 

1 

227 

[Stable . 

9 

14 

14 

5 

1 

1 

44 

i 

1951 . --j 

1  Radioactive . . . 

lOl 

31 

165 

68 

5 

2 

372 

[Stable _ 

6 

14 

16 

6 

1 

43 

1952 _ 

1  Radioactive _ 

138 

24 

212 

40 

9 

2 

425 

1  Stable _ 

5 

13 

16 

1 

1 

35 

1953 _ 

1 

f  Radioactive _ 

206 

20 

210 

44 

4 

10 

494 

1  Stable . . 

5 

17 

22 

5 

2 

2 

63 

1 

1954 . i 

1 

1 

[Radioactive . 

219 

14 

227 

36 

6 

9 

511 

\  Stable . . 

10 

18 

16 

6 

2 

52 

Total _ 

[Radioactive _  . 

870 

212 

1,020 

237 

53 

24 

2,  416 

[Stable _ 

72 

145 

127 

33 

14 

3 

394 

SHIPMENTS  OF  ISOTOPES  TO  COUNTRIES  OUTSIDE  THE  UNITED  STATES 


Cof.XTBr 


! 

!  Ra  nioisoTOPE  Stable  > 
'Total  Sept.  3.  Total  Ji  lt  1, 
j  1047  TO  Dec.  .  1»M  to  Dec. 
31,  1954  !  31.  1954 


Coi  .ntrv 


Radioisotope!  Stable' 
Total  Sept.  3.  Total  Ji  lv  1, 
:  1947  to  Dec.  1954  to  Dec. 

!  31,1954  31,19.54 

' 


Ij 


.4rgentina _  _ 

Australis _  _ _ _ 

.4ustria _  ..  _  _  ..  .. 

124 

107 

1 

... 

Colombia _  _ _  _ 

1  Costa  Rica  * _  _  .. 

1  (’uba.  _  _  -  -- 

8  '.... 

'  235 

— 

Belgian  Congo _  .  . .  _ 

Belgium _  _  .. 

2 

145 

2 

Denmark . . . 

i  Dominican  Republic 

223  ; 

1 

1 

Bermuda _ 

Bolivia* _ _  _ 

16 

1 

Egypt - 

El  Salvador  * . 

2  .... 

— 

Brazil..  _ _ 

British  West  Africa _  _ 

.  . 

259 

1 

... 

England- -.  .  _ _ 

Finland  ..  _  .  _ 

145 

14 

1 

Canada ._  _  _  . 

674 

6  : 

France  _  _ 

Ill  , 

8 

f'hile _  ... 

99 

_ 

Germany _  _  .. 

24  1 _ 

See  footnotes  at  end  of  table 
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SHIPMENTS  OF  ISOTOPES  TO  COUNTRIES  OUTSIDE  THE  UNITED  STATES— Continued 


Raojoisotope 

Stable  > 

Radioisotope 

Stable  * 

CODNTBY 

Total  Sept.  3, 

Total  July  1. 

Total  Sept.  3,  Total  July  l. 

j  1947  TO  Dec. 

1954  TO  Dec. 

Country 

1947  TO  Dec. 

1454  TO  Dec. 

31,  1954 

31,  1954 

31,  1954 

31,  1954 

Gold  Coast  -  _ 

Greece _ 

Guatemala  -  - 
Honduras  * . . 

Iceland _ 

India _ 

Indotiesia _ 

Ireland _ 

Israel _ 

Italy - 

Japan _ 

Lebanon _ 

Mexico _ 

Netherlands. 
New  Zealand 

Norway _ 

Pakistan _ 


1  _  Paraguay  - _ . 

1  i _  l*eru _ 20 

12  _  Philippines  _  2 

_ _  Portugal _ _ 5 

5  - -  -  Spain _ _  9 

22  ; _ _ _  .  Sweden _  _  192 

3  _  Switzerland  _ *i3 


_  Syria  * _ 

6  _  Thailand  - 


34 

1  Trieste.  -  _  _  .  . . 

3 

330  i 

_  -  Turkey _ _ 

5 

6  1 

_  Union  of  South  Africa  .. 

29 

96 

. .  Uruguay _  _ _ _  . 

10 

57 

--  _  Vugoslayia _  .  .  _ 

1 

12 

43 

- . -  -  Venezuela .  _ . _ _ 

8 

7 

_ _  Total. .  . 

3,  173 

1  Stable  isotopes  became  available  for  export  July  1,  1954. 


*  Authorized  to  rectdve  Lsoio|h‘s;  no  shipments  made. 


GROWTH  IM  CURIES  SHIPPED 


(cumulative  total) 


1 


1 


21 


60 


DEFLECTION  AT  “A"  DUE  TO  20%  CUAROE  FOR  CANCER  ISOTOPES 
TOTAL  CURIES -54,726 
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INDVSnUl  FIMS  USING  MDIOISOTOKS 
AuevsT  1,  iMi — NCimn  )i,  m4 


APPENDIX  IV 


Extent  of  Chief  Medical  Uses  of  Radioisotopes 


No.  OK  Ikstiti  tions  Hk- 
rKiviN*'  aKC  I.irKNHts 


ISOTOPK 


f  Diagnosis 


1-131. 


VTreatineiit. 


p'hyroid  function  (diagnosis  only) . 

Blood  volume  and  circulation - 

Brain  tumor _ 

Liver  tumor _ 

( 'ardiac  output . .  . 

{Hyperthyroidism _ _ _ 

Cancer _ _ _ 

Heart  disorders . . 


(Diagnosis. 


P-32. 


I  l^Treatinent. 


jBlood  volume  and  circulation. 
■  (Tumor  detection _ 

(Polycythemia  and  leukemia, . . 

Skin  cancer _ _ 

Other  cancer _ _ 

Intracavitary _ _ _ 


Au-198 _ '  Treatment 


Cr-51 _ -  .  Diagnosis. 

j 

Co-60 _  _ >  Treatment. 

i 

Cs-137. -  _ ;  Treatment. 

Si^90 _ _  T  reatment  _ 


^Intracavitary  (including  bladder). 

Prostate . . . . . 

Other  interstitial  -njection.. . 

Intravenous _ _ 

Implants . — 


{Blood  volume  . 
Blood  cell  life.- 
Cardiac  output  . 


{.\pplicators  (intracavitary  and  topical) 

Implants _ _ _ _ _ 

Teletherapy _ 

Teletherapy - 

Applicators  (ophthalmic  and  topical). .. 


Other  isotopes 


Diagnosis  (other  than  almve) _ 

Treatment  (other  than  above) _ 

Studies  in  humans  _ _ 

Diagnosis  (including  any  almve) . . 
Treatment  (including  any  alMive) 
Studies  in  humans  _  .  . . 


1953  I 

1954 

80 

80 

1 1 1  1 

151 

95  1 

104 

15  1 

33 

fi  i 

13 

291 

43 1 

242 

295 

124 

230 

37 

50 

39 

49 

269 

389 

4 

10 

87 

104 

38 

t 

51 

1 

131 

209 

32 

45 

43 

39 

24 

33 

3 

7 

43 

1  90 

17 

64 

-1 

1  3 

1 

! 

1  IM6-S3 

\  I94fr-54 

i _ _ _ 

37 

1  60 

18 

,  36 

28 

46 

>8 

>8 

179 

232 

i95;t 

1954 

1  131 

i  156 

1 

!  .. 

*  17 

>  Three  are  for  same  machines  a^i  Co  -IM). 

^  Special  general  aiitliorlzaCions.  with  use 

Not*.— Klgures  for  the  2  should  uol  be  iMldeii  .shii'e  in  a|#j»eHr  alsoi  n  14*/*4.  Figures  ^  ilhm  ii  colunin  slxiuld  not  Im*  addi**! 

since  an  Institution  usually  Is  licensed  for  more  than  one  us**. 
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Bibliography 


Moke  than  7,000  references  appear  in  the 
following  bibliography.  These  are  categorized 
into  30  fields  of  work  with  radioactive  and  stable 
isotopes  supplied  through  the  United  States 
Atomic  Energy  Commission.  Reference  is  made 
only  to  material  which  has  been  published 
during  the  years  ending  February  lOS,*!  or, 
more  specifically,  since  publication  of  “Iso¬ 
topes — A  Five-Year  Summarj'  of  U.  S.  Distri¬ 
bution.” 

The  bibliography  is  restricted  to  open-litera¬ 
ture  references.  Unclassified  and  declassified 
reports  written  by  investigators  working  in 
Commission  laboratories,  but  not  published  in 
the  open  literature,  have  not  been  included. 
These  items  are  available  as  project  reports  at 
AEC  depository  libraries.  Selected  ones  are 
on  sale  at  the  Office  of  Technical  Services, 
Department  of  Commerce,  Washington  25, 
D.  C. 

The  bibliography  is  intended  as  a  guide  to 
persons  interested  in  the  technical  aspects  of 
isotope  utilization.  Being  primarily  concerned 
with  isotopes  as  tools  of  research,  it  comple¬ 
ments  Nuclear  Science  Abstract  which  can 
provide  only  limited  coverage  in  this  area. 
NSA  is  a  semimonthly  journal,  published  by 
the  AEC,  which  covers  reports  and  open 
literature  on  nuclear  science. 

The  Isotopes  Division  staff  has  for  the  past 
few  years  scanned  several  hundred  journals  per 


month  and  maintained  a  card  file  on  isotope 
uses.  Each  article  is  reviewed  in  sufficient 
detail  to  place  it  in  an  appropriate  category. 
Although  the  card  file  is  by  no  means  complete, 
it  served  as  a  beginning  for  this  bibliography. 

In  order  to  make  the  bibliography  more  com¬ 
plete,  isotope  usem  were  requested  to  send  lists 
of  their  publications.  Because  of  the  large 
number  of  references  submitted,  it  was  impos¬ 
sible  to  find  and  examine  all  the  articles  them¬ 
selves.  Instead,  the  title  of  each  article  was 
considered  and  an  effort  made  to  place  it  in 
an  appropriate  category.  For  this  reason,  a 
reference  not  appearing  in  the  best  category  for 
the  work  actually  reported  may  perhaps  be 
found  in  a  closely  allied  category. 

Some  references  sent  in  had  to  be  omitted. 
In  certain  cases  the  reference  was  not  applicable 
to  this  coverage ;  in  others  the  reference  did  not 
provide  sufficient  information  to  permit  finding 
the  article.  Unfortunately  several  lists  of 
references,  particularly  those  from  other  coun¬ 
tries,  were  received  too  late  to  be  included. 

The  bibliography  has  been  appended  with 
an  author  inde.x  and  a  key  to  abbreviations  used. 
The  abbreviations  are  those  used  in  the  “List 
of  Periodicals  Abstracted  by  Chemical  Ab¬ 
stracts.” 

Reference  titles  are  listed  alphabetical!}', 
except  for  additions  at  the  end,  w'ithin  the 
following  categories  of  isotope  use : 


83 


84 


Categories  of  Isotope  Uses 

Itefercnces  tti  this  l)iblio({rapliy  an“  Ijrokcn  (hiuii  into  tlic  follox(  iiig  categories 


BIBLIOGKAPHY 


A  Diagnostic  Medicine. 

H  Therapeutic  Medicine. 

C  Clinical  Research. 

D  tinman  Physiology. 

E  General  .Medical  Research. 

F  Immunology. 

G  Metabolite  Physiology  in  .Ani¬ 
mals. 

H  Non-.Mctabolite  Physiology  in 
.\nimals. 

I  Injurious  Agent  Physiology 
in  .\nimal8. 

J  General  .Animal  Physiology. 


K  Animal  Husbandry. 

L  Hacteriology. 

M  Fertilizer  I'ptakx'  by  Plants. 

N  Plant  Physiology. 

()  Photosynthesis. 

P  Radiation  Effects  on  hiving 
Organisms. 

Q  Biochemistry. 

R  Biosynthesis  of  l.abeled  Com- 
pomids. 

H  Chemical  Syntlu'sis  of  l.abeled 
Compounds. 

T  General  Chemistry. 


r  Reaction  Mechanisms  and 
Kiln-tics. 

V  Radiochemistry. 

W  Radiation  Detection. 

.V  Radiation  Physics. 

V  Xuclear  Properties  of  Iso¬ 

topes. 

Z  General  Physics. 

.V.V  (ieneral  I'opics. 

BB  Isotope  Techniipics. 

CC  Applied  Industrial  I'se. 

DD  Entomology. 


Diagnostic  Medicine 


A  1  Absorption  and  I'rinary  E.xcretion  of  Orally 
Administered  Radioactive  lodinated  Human 
Serum  Albumin  in  Human  Beings.  \V.  C.  Levin 
and  C.  C.  Snyder.  J.  Lab.  Clin.  Meil.  4<), 
823(1!)52). 

A  2  Action  of  Lipotropic  Substances  in  Liver  Disease 
as  Measured  by  Radioactive  Phosphoru.s. 
D.  Cayer  and  W.  E.  Cornatzer.  J .  Am.  Med. 
Asuoc.'  1566-7(li)o0). 

A  3  Alterations  in  the  Body  Potassium  (Mident  in 
C’irrhosi.s  of  the  Liver.  J.  K.  Aikawa,  J.  H. 
Felts,  .Ir.,  and  G.  T.  Harrell,  Jr,  Onutroentero- 
logy  437-43(1053). 

A  4  Blood  Levels  of  1-131  after  Tracer  Do.ses  in  the 
Diagnosis  of  Hpyerthyroidism,  S.  Silver  and 
M.  H.  Fieber.  Proc.  Soc.  Exptl.  Biol.  Med.  7o, 
570-3(1950). 

A  5  Blood  Levels  after  Tracer  Doses  of  Radioaclivi* 
Iodine  in  the  Diagnosis  of  Thyroid  Disorders. 
S.  Silver.  M.  H.  Fieber,  and  S.  B.  Yohalein. 
.Ihi.  j.  Med.  13,  72,5-0(1952). 

A  6  Blood  Volume  in  C'ongenitai  Cyanotic  Heart 
Disease;  Simultaneous  .Measurements  with 
Evans  Blue  and  Radioactive  Phosphorous. 
H.  W.  Scott,  Jr..  S.  R.  Elliott,  II,  and  R.  C.  Clay. 
Bull.  Johnx  Hopkinx  lloxp.  89,  121-32(1!I51). 
.4  7  Blood  Volume  Studies  with  Radio  Active  I.so- 
topes.  B.  Koster.  Am.  J.  Med.  Terhnol.  19, 
201  7(10.53). 

A  8  Bone  .Marrow  in  the  Diagnosis  and  Treatment 
of  Polycythemia  Vera.  M.  Block,  L.  ().  Jacob¬ 
son,  and  \V.  Bet  hard.  Pror.  In.xl.  .Med.  of 
Chicago  19,  84-fi(B)52). 

A  0  Breast-Cancer  Prognosis  and  Ovarian  Cortical 
Stromal  Hyperplasia.  R.  G.  Me  Manus  ami  S. 
Sommers.  AVic  Engl.  J .  Med.  J.'ffl,  800-2(1052). 
A  10  Cliiucal  Evaluation  of  the  Hepatic  Radioactivity 
Survey.  E.  T.  Yuhl  and  L.  A.  Stirrett.  ,lnn. 
Surg.  138,  857-62(10,53). 


.4  11  'I'he  Clinical  C.se  of  Sodium  Fluorescein  and 
Radioactive  Di-iodo-fluori>scein  in  the  Localiza¬ 
tion  of  Tumors  of  tlu-  Central  Nervous  SysU-m. 
G.  E.  Moore,  \V.  'I'.  Pi-x  ton,  S.  W.  Hunter,  and 
L.  A.  Fn-nch.  Miunexola  Med.  31.  1073  6(1048). 

.4  12  Clinical  Value  of  the  Butanol  Extractable 
(Thyroxine)  I — 131  in  (he  Diagnosis  of  Hyiier- 
thyroidism.  I,.  A.  Schultz  and  L.  Zievi-.  J .  Lab. 
Clin.  Med.  43,  040-.50(  1053). 

A  13  Clinical  Value  of  thi-  Plasma  Butanol-Extract¬ 
able  (Thyroxine)  1-131  in  the  Diagnosis  of 
Ilyperthroidism  and  .Myxedema.  .4.  L.  Schultz, 
S.  Sandhaus,  II.  L.  Dt-morc'st,  atid  L.  Zieve. 
J .  Clin.  Endocrinol.  Melabolixm  14,  1062  8(1054). 

.4  14  A  Comparative  Study  of  the  I'se  of  l)i-iodo- 
Huorescein  and  lodinated  Human  Serum  .4lb\j- 
min  for  the  Diagnosis  and  Localization  of  Intra¬ 
cranial  Nt'oplasnis.  E.  T.  Yidil.  L.  A.  Stirrett, 
and  R.  L.  Libby.  .In/t.  Surg.  137,  184-8(10,53). 

A  1,5  t^omjiarison  of  a  Single  G-M  Tube  Method  and 
a  Multitube  Method  of  Assaying  I  131  Cptake 
by  the  Human  'Phyroid.  .M.  Perlmutter.  S. 
Welsenfeld,  and  M.  Mufson.  J.  Clin.  Endo¬ 
crinol.  11,  1012  20(1051). 

.4  16  A  Com]>utational  Proceduri*  for  the  Isotoiic 
.Mc'thod  of  Brain  Tumor  Localization.  .4.  Langer 
and  R,  Loevinger.  Science  117.  247  ■8(1053). 

.4  17  Detection  of  Conci-aled  Thyroid  Di.sea.se  by 
Tracer  Technicpie.  1,.  Rc-ynolds,  K.  E.  Corrigan, 
and  11.  S.  Hayden.  J.  .\m.  Mtd.  .Ls.soc.  1.71, 
368-71(10.53). 

.4  IS  The  Detection  of  Intracranis!  f.esions,  Esp<-cially 
Recurrent  Tumors,  by  the  Esc  of  Radioactive 
Isotopes  and  the  Scintillation  Counter.  .M.  Ash¬ 
kenazy.  J.  .Ini.  Pliarm.  .Ls.sor.  Sci.  Ed.  43, 
12.5  6(10,53). 

.4  10  Detection  of  Intraocular  Tumors  with  the  C.se 
of  Radioactive  Phosphorus.  J.  S.  Krohriier, 
C.  I.  Thomas.  J.  P.  Slora.ssli,  and  H.  L.  Friedell. 
Radiology  m ,  016  2111053). 
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A  20  Detection  of  Intraocular  Tumors  by  the  I’se  of 
Radioactive  Phosphorus.  C.  I.  Thomas,  J.  S. 
Krohmer,  J.  P.  Storaasli,  and  H.  L.  Friedell. 
Am.  J.  Ophthalmol.  SH,  Part  II,  !)3- 100(1054). 
A  21  The  Determination  of  Thyroidal  and  Renal 
Pla.sma  1-131  Clearance  Rates  as  a  Routine 
Diagnostic  Test  of  Thyroid  Dysfunction.  S.  A. 
Rerson,  R.  S.  Yalow,  J.  Horrentino,  and  H. 
Roswit.  J.  Clin.  Invest.  SI,  141-58(1952). 

A  22  Diagnosis  of  Equivocal  Hypothyroidism,  Using 
Thyrotropic  Hormone  (TSH).  N.  G.  .Schnee- 
berg,  W.  H.  Perloff,  and  L.  M.  Levy.  J.  Clin. 
Efulorrinol.  and  Metabolism  14,  223-31(1954). 
A  23  Diagnosis  of  Hypothyroidism.  P.  Starr.  J.Clin. 

Endocrinol,  and  MetaboU.-im  IS,  1422-7(1953). 

A  24  Diagnosis  and  Localization  of  Organic  Lesions  of 
the  Central  Nervous  System  (’sing  Radioactive 
Diiodofluorescein.  L.  Davis  and  S.  L.  Goldstein. 
Radiology  .5!),  514-20(1952). 

A  25  The  Diagnosis  of  .Morphologic  Abnormalities  of 
the  Human  Thyroid  Gland  by  Means  of  1-131. 
F.  K.  Bauer,  \V.  E.  Goodwin,  R.  L.  Libby,  and 
B.  C’a.s.sen.  Radiology  61,  935-7(1953). 

A  26  The  Diagnosis  of  Thyroid  Disea.se.  D.  W. 
Petit  and  F.  Scharles.  Postgrad.  Med.  12, 
545-51(19.52). 

A  27  Diagnostic  Studies  with  Radioactive  Lsotopc 
Tracers.  K.  E.  Corrigan  and  H.  S.  Haydeti. 
Radiology  .5,9,  1-18(1952). 
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